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Planned Research 


Mr. M. G. Corson, the well-known consulting 
metallurgist, unquestionably ruffled the calm 
waters of the forty-third annual Convention of 
the American Foundrymen’s Association by his 
unconventional ’’ views on research. After 
setting out a particularly well-balanced research 
programme tor non-ferrous foundries, he con- 
cluded his lecture with the three following para- 
graphs :— 

141 We do not pretend to offer here a com- 
plete programme. It is our desire only to 
state emphatically that a vast programme of 
mass data research must be inaugurated if the 
foundry industry is to progress rapidly and 
systematically, and not by the old processes of 
groping in the dark and ‘“ muddling through ” 


* which were used 4,000 years ago. 


142 Furthermore, we shall add that there is 
no need of creating a permanent organisation 
for such research, A permanent organisation 


soon becomes lazy, because it can afford to 
defer till to-morrow what it should do to-day. 
And it begins to consider itself the owner of 


the enterprise, having the right to see to it 
that the available cake shall last longer for the 
chosen few. 

143 This pitfall should be avoided too. The 
fundamental data upon which the foundries of 
to-morrow shall proceed with their individual 
work must be gathered and analysed by a virile 
short-term organisation. A period of two years 
energetically invested should completely exhaust 
the problems existing. The ideal foundry is one 
that is run with so thorough a knowledge of 
the fundamentals, and so efficiently, that no 
testing of any kind becomes necessary. 

Dealing with his views seriatim, it seems 
germane to remind Mr. Corson that 4,000-year- 
old processes have at least withstood the test of 
time! Moreover, the system has been respon- 
sible for the majority of inventions and their 
development to the incalculable benefit of 
humanity. Because science has provided a 
better approach to the creation of new and 
systematic knowledge, there is still room for 


the trying out of ‘‘ hunches,’’ which surely enter 
into the category of ‘‘ muddling through.’’ If 
we read paragraph 141 correctly, the ‘ vast 
programme of mass data research’’ is to be 
effected by each individual foundry and not on 
a co-operative basis. This interpretation is de- 
duced from the next paragraph, which affirms 
that a permanent research organisation ‘‘ begins 
to consider itself the owner of the enterprise.’ 
The last paragraph refers to the gathering and 
analysing of fundamental data by a “ virile 
short-term organisation.’’ This obviously may 
consist of a temporary staff, which can see the 
end of its labours and will therefore ‘‘ become 
lazy ’’ in order to prolong emvloyment, or by 
utilising the services of the staff of a consultant. 
American broadmindedness may permit of com- 
peting foundries employing the same consultant, 
invested with very full authority, but it carries 
such obvious drawbacks as to be ruled out under 
European conditions. Unless co-operative con- 


ditions be instituted as is the case with the 
Meehanite organisation, the field of the con- 
suitant must be restricted to helping non- 


competitive enterprises. In Europe we have 
had a surfeit of two-, five- and ten-year plans, 
for the results have been achieved at the ex- 
pense of economic and maintenance considera- 
tions, Strategy in war, industry and research 
demands frequent examination of ever-changing 
conditions and for swift action to apply them. 
Our advice would tend towards the classification 
by urgency of the problems of rationalisation 
and the solutions in that order, whilst, if the 
concern can afford it, a freelance scientist 
should be charged with the examination and 
application of the world’s appropriate technical 
developments. Time would not enter into the 
question, but results would be achieved by the 
selection of personnel with due regard to real 
enthusiasm for research and its application. 
Where Mr. Corson’s reasoning fundamentally 
breaks down is in his final italicised statement 
as to the ideal foundry, This abysmally un- 
interesting establishment, presumably staffed by 
robots or automatons, would in six months he- 
come so mentally atrophied in its outlook that 
it would give rise to caustic comment from the 
Carey Street officials. A foundry so organised 
that ‘“‘no testing of any kind becomes neces- 
sary ’’ would surely demand at least one excep- 
tion, and that is a vocational suitability test 
for the managing director. 

To be fair to Mr. Corson, however, it should 
be stated that when, during the discussion, Dr. 
Clamer gave a better definition of an _ ideal 
foundry as ‘‘ one operated by the ideal human 
with ideal raw materials,’’ he readily agreed 
that his personal definition was an exaggeration 
and was meant as a ‘‘ conning tower along the 
road of progress.’’ It is rather a pity that such 
an excellent Paper was marred by such ill- 
considered advice to the industry. The conclu- 
sions we should have drawn from his Paper 
are: (1) Standardise a minimum number of the 
best types of alloys for the servicing of indus- 
try; (2) so order the conduct of the processes 
that routine testing is reduced to the smallest 
possible proportions, and (3) arm oneself with 
the fundamental principles governing foundry 
practice so that advantage can be taken of 
every factor liable to make for technical and 
economical progress. 
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Corrosion Avoidance in 
Cast Aluminium 
DESIGN AND ERECTING TIPS 


It is not enough to examine only the com- 
position of the corroding medium when consider- 
ing the probable behaviour of aluminium parts 
in contact with it, as features of design or 
construction of the parts may cause, or at least 
favour, corrosion. In ‘ Aluminium ’’ W. Harr. 
advises that when designing castings, pockets 
or other inaccessible parts should be avoided, 
the design of a container, in general, being such 
that no liquid is retained on emptying or drain- 
ing. In the case of flowing liquids, parts pro- 
jecting into the stream should be avoided. All 
edges should be rounded in order to avoid so- 
called edge-corrosion and at the same time to 
improve adherence and effectiveness of any sur- 
face coating if used. 


Contact corrosion must be avoided by taking 
the usual precautions to insulate the contacts 
or by using zine or cadmium inserts.  Stecl 
stirrers in aluminium tanks may be treated by 
casting an aluminium coating round them. 
Heavy metal, in particular copper plant, if used 
should be placed after (in the direction of the 
flow of liquid) any aluminium vessels or parts. 
Clean tools must be used to avoid contamination 
of the light metal surfaces by heavy metal 
particles. 


In erecting aluminium parts the possibility 
of stray currents and contacts with cement or 
mortar should be guarded against. It is generally 
preferable to insulate such plant by bitumenising. 


In actual service the need for regular and 
thorough cleaning with suitable cleansers is im- 
portant in preventing corrosion of the light 
metal. It has been thought of interest to re- 
produce some of the diagrams illustrating design 
‘* dodges ’’ which may be used to eliminate what 
would otherwise constitute corrosion hazards. 


A.R.P. Expenditure Claims 


Forms for claims of grant in respect of expendi- 
ture on the provision of air raid shelters in 
commercial buildings have been dispatched by the 
Air Raid Precautions Department to local 
authorities for distribution to the owners of com- 
mercial buildings affected by Part 3 of the Civil 
Defence Act. The form, which is known as 
C.B.S8.2, is a combined completion report and 
application for grant. It is accompanied hy 
printed explanatory notes. 

The circular indicates the need for arrange- 
ments to secure that claims for payment of grant 
are dealt with as expeditiously as possible, and 
suggests to local authorities the designation of 
a responsible official who can scrutinise the com- 
pletion reports and claims and give the required 
certificate. In order that the payment of grant 
may be expedited, claims should be forwarded 
by local authorities as soon as certified and shoul! 
not be kept back until all reports from theit 
area have been received. 

Form C.B.S.2 is not to be used for claims to 
grant under Section 22(2) of the Civil Defence 
Act, or for claims made by owners of premises 
who, in anticipation of the Act and previous to 
its receiving the Royal Assent, provided shelter 
for the persons working therein. Separate forms 
are being provided for claims made in these 
circumstances, Information will also be published 
in due course as to the procedure to be followed 
by persons who wish to.make claims in respect of 
shelter which was provided in anticipation of the 
Act in areas not included in the specified areas. 
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Tantalum Heater Units for 
Pickling Baths 


The use of tantalum units for heating pickling 
tanks forms the subject of an article in ‘‘ Steel.” 
It is pointed out that the increasing use of 
muriatic or hydrochloric acid as a_ pickling 
agent, together with general modernisation of 
pickling equipment and adoption of continuous 
pickling methods, has quickened the need for 
non-corroding heating equipment. Tantalum, 
an elementary metal, is entirely inert to hydro- 
chloric acid, and therefore is a permanent 
material for the construction of heating units, 
as far as possibility of chemical attack is con- 
cerned. Tantalum also may be used safely with 
ammonium-chloride flux solutions. In fact, use 
of this material for such service permits much 
higher chemical concentration than ordinarily 
employed. This means that less heat is required 
in the pickling tank to produce the same pick- 
ling action on the work passing through the 
tank. This in turn permits an additional 
economy to be obtained in decreased amount of 
steam required and so saves fuel. 

An important characteristic of tantalum heat- 
ing coils is the extremely high rate of heat 
transfer through the metal. Thermal conduc- 
tivity of tantalum is approximately the same as 
that of steel. However, where most metals 
rapidly lose conductivity hecause of films formed 
by scale, muriatic acid forms no scale on tan- 
talum, so that the initial high rate of heat 
transfer is maintained. This means that heat- 
ing services of tantalum heater units may be 
calculated without regard to ‘‘ age ’’ factor. 

Most acids appear to wet tantalum far more 
readily than other materials, and there is 
evidence that this characteristic may account 
for tantalum’s unusually high rate of heat 
transfer in pickling-tank work. This high rate 
of heat transfer permits the heating coils to 
have only one-sixth to one-twentieth the heating 
area of ordinary metals. For example, in a 
heating coil used to boil a mixture of sulphuric 
and hydrochloric acids, the heating area of a 
tantalum coil is only one-eighteenth that of a 
base-metal coil to do the same work. 

A further important advantage in pickling- 
tank service is that the tantalum coil does not 
contaminate the pickling solution with dissolved 
metal, Thus pickling solutions need not be dis- 
carded so often, with considerably lower acid 
costs. On some types of work, this saving may 
be found quite significant. The high heating 
efficiency of the tantalum units, besides saving 
steam, has another advantage. When heating 
up a tank at the beginning of a run, or after 
a week-end shut-down, the high rate of heat 
transfer possible, permits rapidly bringing the 
pickling solution up to working temperature. 
Fast heat transfer also permits more accurate 
temperature control. Whereas variations from 
20 to 30 deg. are frequently experienced using 
steam jets to heat the solution, it is possible 
to maintain solution temperature within one- 
half of a degree by employing tantalum heater 
units and automatic controls now available. 


Duty-Free Aluminium Imports 


The Treasury has made the Import Duties (Ex- 
emptions) (No. 8) Order. This adds to the free 
list, with effect from October 10, aluminium and 
aluminium alloys containing more than 50 per cent. 
by weight of aluminium in ingot or similar un- 
wrought forms, and the following manufactures 
thereof : Sheets, strip, plates, discs and circles if 
plain and exceeding 0.006 in. in thickness and not 
plated, coated, drilled or punched, bars (other than 
notch bars), rods, wire, tubes, angles, shapes 
ead sections not plated, coated, drilled or punched. 
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Random Shots 


What the historians will call the presen 


var 
seems to be a matter of some considerable on- 
jecture. Any mention of the name of the hief 
villain in the piece would seem to be too fie ter- 
ing to his already over-developed sense o: self- 
importance. The -suggestion of a mere ine- 
year-old does not seem to be too out-of-: ace: 
that it should be called the New Crimean War 
‘* because,’’ as he brightly points out, “ it is 
full of crimes, isn’t it, Daddy? ”’ 

* * * 

Much has been said lately of the feati. ring 
of financial nests by the Nazi leaders in f eign 
countries, but rumour hath it also that Herr 
Von Ribbentrop de Trop has feathered a).other 
sort of nest in our very midst; that, in fact, 
he has a whole houseful of furniture in storage 
in London and is said to hold the lease of a 


house in Mayfair. It looks like a smart turn 
out for a smart turn out, in fact. 
* * 

‘Copper can do_ it,” 
Development Association. 
the new income tax. 

* * * 

It is a well-known fact that some ladies 
regularly pawn their fur coats in summer as 
a certain guard against moth, and it seems as 
if men might safely do the same with their 
dress suits this winter. In this way they can 
kill two birds with the same stone, for besides 
saving their little needed dress suit from the 
havoc of the moth, the money raised on it at 
‘‘Uncle’s ’’? will come in very nicely to pay 
that extra one and ninepence needed to buy 
a bottle of whisky. 

* 


says the Copper 
Maybe, but not pay 


* *% 


One Scottish Technical Institute has solved 
its black-out problem this winter by arranging 
its meetings on moonlit nights. This is cer- 
tainly a bright idea, but a plea should be put 
forward that other districts will not therefore 


think their lectures and _ discussions “all 
moonshine.”’ 

* * 
Another practical suggestion coming from 


Scotland is that golf courses should be used for 
the production of food for the ‘ duration.” 
It is presumed that they will specialise in the 
growing of greens. 
* * * 
Also anxious to help in the maintenance of 
food stocks on the home front, many cricket 
teams have offered to breed rabbits next season, 
whilst football teams are already producing 
some good game. 
* 
Epitheliomatous Ulcerations,’’ according to 
our sister journal, ‘‘Iron and Coal Trade: 
Review,’’ is a disease to which gas and tar 


workers are liable. Foundry workers have 
always thought their special ‘ perks,’’ house 
maid’s knee, to be bad enough, but 
‘epitheliomatous ulcerations’’ sounds very 


It must hurt a lot, too. 
* * * 


much worse. 


It is a new theory amongst scientists that 


the light of a glow worm is produced by the} 
course, | 


sheds new light on the origin of the saying) 


sugar content of its body. This, of 
go your own sweet way. 

The screening of glare from cupolas is st! 

somewhat of a riddle, but, said a_ first-year 

metallurgical student, it could be solved by 

using a few nicely spaced layers of nichrome 

three four would no 


sieves. Number or 
transmit much light, anyway. This inventi 
is neither D.R.G.M., which most = jum 


draughtsmen translate ‘‘ Denced Rotten Germ" 
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|A Note on the Effect of the Addition of 
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Molybdenum, Tungsten and Titanium, To- 


gether with Calcium Silicide, to Cast Iron 
BY J. E. HURST, D.Met. 


The following experiments were undertaken as 
part of a study of various methods of making 
additions of certain of the higher melting-point 
metals to cast iron. The results described refer 
to a method of making the additions by the use 
of an oxide of the alloying element in conjunc- 
tion with a reducing agent. This method was 
explored since, in the case of tungsten, and 
especially of titanium, the yield of alloy metal 
is low when employing the ferro- alloy, due in 


were tested for transverse breaking load, 
modulus of rupture, and deflection. Tensile 
strength determinations were made on. test- 
pieces machined to 0.798 in. dia. from the broken 
halves of the transverse bar. Brinell hardness 
determinations were made on the bars using a 
10-mm. ball and 3,000-kg. load. Duplicate test- 
bars were cast and tested in each case, and the 
mean results of all tests are tabulated. 
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EXPERIMENT No. 2 

Calcium Silicide and Molybdenum Trioxide.— 
In this experiment an excess of calcium silicide 
was used, and in addition the effect of the 
degree of fineness of the molybdic oxide was in- 
vestigated. The mixed powders were added to a 
white refined iron. The rest of the procedure 
was identical with that in Experiment 1. 


Materials Used 

Refined white  pig-iron; calcium silicide 
(commercial variety, approximately 60 per cent. 
Si; ground -—50 +100 mesh); molybdenum 
trioxide (calcined, approximately 60 per cent. 
Mo; ground to 20 mesh); molybdenum trioxide 
(calcined, approximately 60 per cent. Mo; 
ground —50 +100 mesh). 

Experiment 2a.—50 \|bs. refined white pig- 
iron; 1 Ib. calcium silicide, and } lb, MoO, (20 
mesh). 

Experiment 2b.—50 lbs. 


refined white pig- 


part to the lower melting and pouring tempera- EXPERIMENT No. | iron; 1 Ib. calcium silicide, and 3 Ib. MoO, 
tures of cast iron. The reducing agent chosen Calcium Silicide and Molybdenum Trioxide.— (—50 +100 mesh). 
TaBLE I.—Ezperiment No. 1. Calcium Silicide and Molybdenum Trioxide. Chemical Analyses and Test Results. 

| Chemical analyses. Per cent. Transverse strength. Tensile. | Brinell. 

Defi Mod. rupt. Tons per 
7c. Si Mn. P. Mo. | Load. Lbs.| | Tons per Edge. Centre. 
sq. in. 

Refined hematite before treatment 3-21 1-37 0-45 | 0-106 | 0-066 | Nil | | | 20 
Test-bar, after treatment 3-00 1-41 0-43 0-054 | 0-064 | 0-43 3,808 0-31 37-5 17-32 217s! 207 
was calcium silicide, and intimate mixtures of In this experiment a mixture of powdered Chemical Analyses and Test Results (see 


powdered calcium silicide and the metallic oxide 
were used in the experiments and a study made 
of the yield of metallic alloy, together with any 
other changes in the composition of the metal, 
particularly the silicon content. 


Experimental Procedure 
The metallic oxides used in these particular 
experiments were those of molybdenum, tungsten 
and titanium. Whilst it is known that there is 
no particular difficulty in adding molybdenum to 


calcium silicide and molybdenum trioxide was 
used, calculated on the assumption that the 
whole of the calcium silicide would be used in 
the reduction of the oxide. The addition was 
made to a grey refined hematite iron melted in 
the crucible. When melted the mixed powders 
were added, thoroughly stirred, held for two 
minutes, and then cast. 


Materials Used 
Refined hematite pig-iron, 50 Ibs.; calcium 


Table I1).—The theoretical addition of molyb- 
denum in both cases was 0.90 per cent. In 
Experiment 2a 55 per cent. of this was re- 
covered, and in Experiment 2b the whole of 
the addition was obtained. Some of the silicon 
added as calcium silicide was absorbed by the 
molten metal, amounting to 30 per cent. in the 
case of Experiment 2a, and 76 per cent. in 
Experiment 3a. In this last experiment quite a 
vigorous reaction occurred, and in the former 


TaBLe II.—Experiment No. 2. Calcium Silicide and Molybdenum Trioxide. Chemical Analyses and Test Results. 


Chemical analyses. Per cent. Transverse strength. Tensile. | Brinell. 
Defl. Mod. rupt. | Tons per | 
TC. Gr. cc. Si. 8. | P. Mn. Mo. | Load. Lbs. | Ins | 2o8per | sq. .in. Edge. | Centre. 
sq. in. 
| 
Refined white iron 7 2-95 | — | — | 0-73 | 0-045 | 0-057 | 0-24 | Nil om _ — — —- | — 
Exp. 2a 2°86 1-50 -36 1-10 0-030 | 0-060! 0-21 0-50 3,606 0-30 41-3 23-9 255 196 
_» 2b ke ..| 2-91 1-91 1-00 1-67 0-020 | 0-066 | 0-23 1-07 5,130 0-41 54°8 29-5 286 277 
cast iron by other methods, the addition of silicide (commercial variety, approximately 62 experiment the reaction took place quietly with 


tungsten and titanium is much more difficult. 
Except where otherwise stated, the addition of 
the powders intimately mixed were made to re- 


per cent. Si; ground —50 +100 mesh), 95 
grams; molybdenum trioxide (commercial 
variety, approximately 60 per cent. Mo; ground 


very little flame. 


EXPERIMENT No. 3 
Calcium Silicide and Molybdenum Trioxride.— 


fined pig-irons melted in a Morgan oil-fired —50 +100 mesh), 293 grams; total weight of This experiment is a repetition of Experiment 
crucible furnace, using a plumbago pot. In all powder = 0.855 Ibs. No. 2, together with an experiment using a still 
thee experiments a quantity of 50 Ibs. of metal ‘Chemical Analyses and Test Results (see larger proportion of calcium silicide and a series 
wa melted, and, when melted, the powders were Table I).—Calculated on the basis of 60 per cent. of experiments for comparative purposes in 
ad‘ed to the surface of the metal and the metal molybdenum, the theoretical addition of this which calcium silicide was used alone, and also 
stirred vigorously, after which it was allowed element was 0.75 per cent. The actual amount in admixture with ferro-molybdenum crushed to 
to stand for two or three minutes. The molten obtained was 0.43 per cent., or 57.3 per cent. of 20-mesh powder. As in previous experiments 
me'al was then cast into test-bar moulds 1.2 in. the amount added. The increment in silicon the powders were added to separate melts of 
dia by 18 in. long. Two bars from each cast content was negligible. 50 Ibs. each of refine] white pig-iron. 
TaB_Le III.—Experiment No. 3. Calcium Silicide and Molybdenum Trioxide. Chemical Analyses and Test Results. 
| Chemical analyses. Transverse strength. Brinell 
Tensile. 
| Def, | Mod. rupt.) Tons per 
TC. Gr. CL. | Si. 8. 2. Mn Mo. Load. Lbs. ey Tons per | sq. in. Edge. Centre 

sq. in. 
R. ‘ined white pig-iron | 3-11 0-75 | 0-037 | 0-048 | 0-48 Nil | 
Eup. 3a ate ..| 3-00 1-97 1-03 1-41 0-013 | 0-06 0-43 0-69 3,855 0-35 43-5 26-5 255 228 

3b 3-00 | 1-89 | 1-11 |. 2:10 | 0-008) 0-054 | 0-44 | 0-88 4,820 0-50 52-8 27-62 241 | (285 

3c --| 3-00 1-87 1-13 1-62 0-011 | 0-054 | 0-44 0-315 4,200 0-43 47-2 24-74 235 228 

3d --| 2°80 1-86 0-94 1-68 0-010 | 0-052 | 0-47 0-56 4,490 0-49 52-4 26-96 235 | 228 

3e -| 2-89 1-97 0-92 1-76 | 0-007 | 0-051 0-45 1-12 5,190 0-42 56-6 31-62 269 | 269 
_ _¥f 2-92 | 2-03 | 0-89 | 1-54 — 0-024 0-055 | 0-46 Nil 3,830 0-42 43-75 | 25-92 217 + =| 217 


| 
| 
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Materials Used 

Experiment 3a.—50 lbs. refined white pig- 
iron; 1 Ib. calcium silicide, and % lb. MoO, 
(-50 +100 mesh). 

Nzperiment 3b.—50 Ibs. refined white pig- 
iron; 14 lb. calcium silicide, and 2 lb. MoO, 
(—50 +100 mesh). 

Experiment 3c.—50 refined white pig- 
iron; 1 lb. calcium silicide, and } lb. FeMo (20 
mesh). 

Eazperiment 3d.—50 lbs. refined white pig- 
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Experiment 4d.—50 |bs. refined white iron; 
1 Ib. 12 ozs. calcium silicide, and 1.5 lb. TiO,. 

Chemical Analyses and Test Results.—See 
Table IV. 


General Remarks and Summary 
A series of experiments have been recorded on 
the effect of the addition of mixtures of calcium 
silicide and the oxides of molybdenum, tungsten 
and titanium to molten cast iron. In the case 
of mixtures containing molybdenum oxide quite 


TaBLeE III A.—Recovery, Based on Charged Weight and Average Analysis of Test-Bar. 


ae Content. | Theoretical Addition. Percentage Percentage 

Exp. No. Addition. Per cent. | Per cent. | Recovered. | Efficiency. 
3a CaSi | esi | 1-24 0-66 | 53 
MoO, 60 Mo 0-90 0-69 | 76 
3b CaSi 62 Si 1-86 | 1-35 72 
MoO, 60 Mo 0-90 0-88 97 
3c CaSi 62 Si 1-24 | 0-87 70 
FeMo 65 Mo 0-325 0-315 | 97 
3d CaSi 62 Si 1-24 0-93 | 75 
FeMo 65 Mo 1-65 0-56 | 86 

| 

3e CaSi 628i | 1-24 1-06 85 
FeMo | 65 Mo | 1-30 1-12 | 86 
3f | 82 Si 1-24 0-79 63 


iron; 1 lb. calcium silicide, and 4 lb. FeMo (20 
mesh). 

Experiment 3e.—50 lbs. refined white pig- 
iron; 1 lb. calcium silicide, and 1 Ib. FeMo (20 
mesh). 

Experiment 3f.—50 lbs. refined white pig- 
iron, and 1 Ib. calcium silicide (20 mesh). 

Chemical) Analyses and Test Results.—See 
Table IIT. 


a vigorous reaction was observed in all cases 
except where the oxide was in the form of 
coarse particles. Even in this case a distinct 
reaction was observed. To ensure a good yield 
of molybdenum (in excess of 75 per cent. of 
added molybdenum metal) the oxide is better 
ground to —50 mesh, and an excess of calcium 
silicide appears to be necessary over and above 
the amount based on the assumption that the 
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ably with the yield obtained from pow tered 
ferro-molybdenum. The very high ultimate 
breaking strengths—both tensile and tran verse 
bending—obtained by the addition of mixtures 
of calcium silicide and both molybdie oxid» and 
ferro-molybdenum are of special interes: and 
importance. With 1 per cent. molybdenim, a 
tensile strength of approximately 30 ton: per 
sq. in. and a modulus of rupture well over 50 
tons per sq. in. are obtained (Experimenis 2b 
and 3e). The other notable feature is the effect 
of joint additions of calcium silicide and molyb- 
denum either as the oxide or the ferro-alloy in 
the reduction of the sulphur content. Calcium 
silicide additions alone are accompanied hy a 
reduction in sulphur (Experiment 3f), but this 
effect is enhanced very considerably when molyb- 
denum is present, and some exceptionally low 
figures are recorded (e.g., Experiments 3!) and 
8e). 

The yield of tungsten from mixtures of the 
oxide of tungsten and calcium silicide was not 
so good as in the case of molybdenum. The 
larger excess of calcium silicide in Experiment 
4b, however, was accompanied by a yield of 
60 per cent. tungsten. 


The yield of silicon in the molten metal, in 
spite of the larger amount of calcium silicide 
added, was less than in the case of the molyb- 
denum containing mixtures. With tungsten, in 
no case did the ultimate breaking strength, or 
the extent of the reduction in sulphur content, 
reach such high value as with molybdenum. It 
is also important to note that under these con- 
ditions both these elements, molybdenum and 
tungsten, do not exhibit the marked carbide- 
forming tendencies usually attributed to them. 
In fact, the results if anything show a tendency 
in the opposite direction. As in the case of 
molybdenum, the joint additions of tungsten 


TaBLE 1V.—Experiment No. 4. Calcium Silicide, Tungsten Oxide and Titanium Oxide. Chemical Analyses and Test Results, 


Chemical analyses. Per cent. Transverse strength. ‘ Brinell. 
| | | | | | Def Mod. rupt. | Tons per ( 
TC. Gr. | CC. | Si P. Mn, | W. | Ti. | Load. Lbs.| 772° | Tons per | sq. in. Edge. | Centre. 
| | | wan sq. in. | 
Refined white | | 
pig-iron 3-11 — | 0-75 | 0-037| 0-048} 0-48 | Nil | Ni | — | — 
Exp. 4a 3-08 1-96 1:12 | 1:08 | 0-02 | 0-057 | 0-44 0-31 | — | 3,425 | 0-31 36-9 19-6 207 217 
se «th a 2:02 | 0-89 | 1:50 0-02 0-05 0-44 | 1-12 | — | 3,630 0-30 39-0 23-8 241 228 
2-91 2010 | 0-81 | 1-05 0-031 0-046 0-45 | — | 0-088 | 3,360 | 0-30 33-9 17-4 207 196 
» 4d ..| 2:89 1:90 | 0-99 | 1-61 0-026 0-049 0-44 _— 0-32 2,910 0-27 31-35 18-8 228 218 
EXPERIMENT No. 4 whole of the calcium silicide reacts with the oxide and calcium silicide were accompanied by 
Calcium Silicide, Tungsten Oxide, and oxide. The use of an excess of calcium silicide a noticeable reaction when aded to the molten 
Titanium Ovzxide.—This experiment was con- is accompanied by an increase in the silicon cast iron. 
ducted on lines similar to the foregoing, but content of the molten metal and from 50 to 72 [pn the case of additions of calcium silicide and 


with mixtures containing oxides of tungsten and 
titanium. 


Materials Used 
Experiment 4a.—50 Ibs. refined white iron; 
1 Ib. 24 ozs. calcium silicide, and 0.6 lb. WO,. 


| Content. 


Theoretical addition. | 


per cent. of the silicon content of the calcium 
silicide was recovered in the molten metal 
treated. In the absence of any calculated excess 
of calcium silicide no increase in silicon was 
observed, and when added in conjunction with 
powdered ferro-molybdenum a still larger re- 


TaBLE IV A.—Recovery, Based on Charged Weight and Average Analyses of Test Bars. 


Percentage 


Percentage 
Exp. No. | Addition. | Per cent. Per cent. recovery. eihdenay. 
| 
4a CaSi | 62 Si 1-43 0-33 23 
wo, | 78 W 0-93 0-31 33 
4b CaSi | 62 Si 1-62 0:75 46 
| Wo, 78 W 1-86 1-12 60 
CaSi 62 Si 1-70 0-30 17-5 
TiO, 58 Ti 0:87 0-088 10 
4d CaSi 62 Si 2-17 0-86 39 
58 Ti 1-74 0-32 18 


Experiment 4b.—50 lbs. refined white iron; 
1 Ib. 5 ozs. calcium silicide, and 1.2 lb. WO,. 

Experiment 4c.—50 lbs. refined white iron; 
1 Ib. 6 ozs. calcium silicide, and 0.75 lb, TiO,. 


covery of silicon from the calcium silicide was 
obtained. 


The yield of molybdenum from its oxide when 
added in this manner compared very favour- 


titanium oxide very little reaction was observed. 
The yield of titanium in the molten metal was 
exceptionally low, as was also the yield of 
silicon. In spite of this the joint additions 
have had a noticeable effect in reducing the 
combined carbon content, and in this case their 
effect in reducing the sulphur content has 
proved to be very small. The strength values 
are also substantially lower than ‘the previous 
experiments. 

In all the experiments, whether with molyb- 
denum, tungsten or titanium, there is a slight 
reduction in total carbon contents coincident 
with the addition of the powder. There is no 
evidence that this is in any way proportional to 
the amount or nature of the addition. 

The absence of any marked carbide-forming 
tendencies, in the case of molybdenum and 
tungsten, has already been referred to. This 


is difficult to estimate in each case owing to the 
change in silicon content, but it is unexpected 
to find that an increase in tungsten content 
from 0.31 to 1.12 per cent. is not accompanied 
by an increase in combined carbon content, evel 
though the silicon content is slightly higher ™ 
(Continued on page 280.) 
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The Properties of Grey Cast Iron, with 


Special Reference 


to the New BS. 


Specifications 
DISCUSSION OF 1.B.F. REPORT 


The Report of the Cast-Iron Sub-Committee 
of the Institute of British Foundrymen on “ The 
Properties of Grey Cast Iron,”’ which was repro- 
duced in our September 21 issue, was presented 
for discussion to nine Branches of the Institute 
by various members of the Sub-Committee, and 
the points raised in the discussion have been 
summarised under the various headings given 
below. 

Methods of Running Test-Bars 

Many members sought information as to the 
method of running test-bars, particularly when 
cast independently from the casting, and stressed 
the importance of standardised methods. Ex- 
pressions of opinion as to the best methods were 
invited, and five members stated that they 
favoured vertical running. Of these, Mr. J. E. 
Greenwood (Birmingham, Coventry and’ West 
Midlands Branch) and Mr. R. C. Tucker (Shef- 
field Branch) did not indicate whether the bars 
were top or bottom run, but Mr. H. Forrest 
(West Riding of Yorkshire Branch) advocated 
bottom running. Mr. H. Foster (Middlesbrough 
Branch) and Mr. J. Roxburgh (Sheffield Branch) 
preferred top running, the latter stating that 
the head was cut off and that the moulds were 
circular with three inches of sand round the 
test-bar. Mr. R. C. Tucker (Sheffield Branch) 
stated that he had carried out tests which showed 
that vertically-cast test-bars were superior to 
horizontally—or inclined—cast bars. He used 
split moulds turned up on end to cast. 

Mr. J. E. Mercer (Middlesbrough Branch) 
and Mr. G. O. Stanley (Middlesbrough Branch) 
stated that they cast transverse bars horizontally. 
Mr. Mercer mentioned that he cast tensile bars 
vertically. 

Mr. J. G. Gould (Middlesbrough Branch) 
stated that test-bars should be run as quickly 
and at as high a temperature as was possible, 
whilst Mr. H. Forrest (West Riding of York- 
shire Branch) asked for information on pouring 
temperature. 

Mr. E. W. Wynn (Birmingham, Coventry and 
West Midlands Branch) drew attention to the 
influence of mould temperature and type of sand 
on test-bar strength and Mr. F. Whitehouse 
(Sheffield Branch) stated that all his test-bars 
were cast in green sand. 


Cast-On Test-Bars 

Mr. C. W. Brown (Birmingham, Coventry 
and West Midlands Branch) and several other 
speakers asked that the Sub-Committee should 
recommend whether test-bars should be separately 
cast or cast-on, while Mr. J. G. Pearce (Bir- 
mingham, Coventry and West Midlands Branch) 
and Mr. J. Roxburgh (Sheffield Branch) drew 
attention to the bad metallurgical conditions 
under which cast-on bars were made. These two 
speckers laid particular emphasis on the fact 
that the cooling rate of a cast-on bar was altered 
—with a consequent coarsening of the grain by 
the comparatively large mass of hot metal in 
the adjoining casting. Mr. Pearce added that 
the Admiralty was aware of this metallurgical 
dificulty, and in the event of an inspector not 
hele present to ascertain that the casting and 
hay were of the same metal, a silicon and phos- 
phorus determination on this casting and the 
bar was accepted. 

Ir. Roxburgh (Sheffield Branch) and Mr. J. 
E. Greenwood (Birmingham Branch) both stated 
tht their cast-on bars were cast vertically, and 
M.. Roxburgh mentioned in addition that such 
bees were bottom run. 


Do Test-Bars Represent Castings ? 

Mr. A. J. Shore (Birmingham Branch) em- 
phasised the necessity of using the correct grade 
of metal for various types and designs of cast- 
ings and thought it advisable for some such 
specification to be drawn up. 

Dr. A. B. Everest (London Branch), Mr. J. 
Roxburgh (Sheffield) Branch) and Mr. F. 
Whitehouse (Sheffield Branch) were in agree- 
ment that test-bar results as a rule bore but 
little relationship to the test results which could 
be expected from castings made of identical 
metal, and Mr. Roxburgh mentioned in particu- 
lar that the metal for a good casting was too 
low in silicon to give a strong bar. ~ 

Mr. R. C. Tucker (Sheffield Branch) was of 
the opinion that round bars were not represent:- 
tive of castings. 


Section of Castings Represented by Test-Bars 


Mr. L. W. Bolton (Birmingham Branch) was 
disappoiated to find that the number of bars 
listed in the specification had been increased from 
three to five, but on the other hand several 
speakers expressed the view that even with a 
greater number of bar sizes, it was difficult to 
decide which bar was representative of a particu- 
lar casting, especially where large sectional varia- 
tion occurred. For instance, Mr. G. R. Shotton 
(Birmingham Branch) doubted the advisability 
of the 0.60-in. bar for a 3-in. section, whilst Mr. 
J. L. Francis (East Anglian Section) enquired 
whether the average, maximum or minimum sec- 
tion of the casting should be taken as the basis 
for determining the appropriate bar size. Mr. 
G. Elston (Newcastle Branch) was pleased to 
learn that the number of bar sizes had been 
increased so that a nearer approximation to a 
casting’s section was obtainable. 


Methods of Producing Iron to Meet 786 


Several speakers drew attention to the import- 
ance of exercising great care in the production 
of high-duty cast iron in order to meet the 
specification, and in this connection Mr. Kain 
(East Anglian Branch) emphasised the necessity 
of using good pig-iron and a high coke ratio. 

Mr. A. S. Worcester (West Riding of York- 
shire Branch) inquired whether the use of steel 
or hematite with, say, Northants pig-iron for 
the same charge would be advocated, and whether 
it was practicable to obtain a No. 2 Grade with- 
out the addition of steel. The impossibility of 
using a local high-phosphorus iron was pointed 
out by Mr. J. Lucas (East Midlands Branch). 


Fcat-Treatn cnt 


In connection with high-duty irons, Mr. G. B. 
Taylor (Middlesbrough Branch) inquired if the 
Cast Iron Sub-Committee were prepared to make 
any recommendations for heat-treatment. A Lon- 
don Branch member also inquired whether any 
comparison between heat-treated bars and as 
cast-on bars had been made, and whether wide 
difference on such results were obtained. 


Machining of Bars and Bar Sizes 


Mr. S. E. Dawson (East Midlands Branch) 
stated that in his experience the 1.2-in. bar was 
the most consistent and that if one worked on 
tho 1.2-in. bar and used the same metal a bigger 
proportion of consistent results was obtainable 
than in the case of the 0.875-in. or 1.6-in. bar. 

Mr. W. H. Smith (East Midlands Branch) 
asked whether, in the Sub-Committee’s work, any 
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of the large bars, say, 2.l-in. diameter, had 
been machined down to smaller bars. He further 
inquired whether the results obtained on such 
machined bars were comparable with these on 
the original un-machined ones, and whether it 
was possible, for specification calling for thick 
sections, to machine bars down to standard sizes. 

Mr. A. Logan (London Branch), dealing with 
the reference to the tensile requirements of the 
various sizes of bar, said that the decrease in 
strength with the increasing size of bar was a 
very important factor, and he asked for a reas- 
surance that the figures were really reliable. In 
Table III of the Report the tensile requirements 
for high-duty cast iron, Grade 1, were given as 
15 tons with an 0.875-in. bar, 14 tons with a 
1.2-in. bar, 13 tons with a 1.6-in. bar and 12.5 
tons with a 2.1-in. bar. For Grade 3 the tensile 
requirements for the same bars were 28, 20, 19 
and 18 tons respectively. He drew the Sub- 
Committee’s attention to the fact that the figures 
showed a slight difference in the rates of reduc- 
tion of strength. 


Chemical Analysis 


Many speakers discussed the merits and de- 
merits of including chemical analysis in the 
specifications, but the general opinion was that 
the omission of such analysis marked an im- 
portant step forward, and it was generally agreed 
that the metallurgical structure was far more 
important. In the course of the discussion, how- 
ever, it was mentioned that many customers ask 
for chemical analysis to be supplied. Mr. C. 
Lashly (Newcastle Branch) was of the opinion 
that testing, and tensile testing in particular 
was useless and that a chemical analysis of the 
material would serve the same purpose just as 
efficiently. 

In support of the omission of chemical 
analysis, Mr. R. B. Templeton (London Branch) 
mentioned that a specification to which he had 
to work, namely :—TC, 2.8 to 3.85; Si, 1.5 to 
2.5; Mn, 0.5 to 1.2; 8, 0.2; and P, 0.2 per cent., 
allowed so much latitude that he could produce 
fine grades of cast iron, varying in tensile 
strength from 16 to 27 tons. On the other hand, 
Mr. Chas. Cleaver (London Branch) expressed 
regret that the chemical analysis of the test- 
bars mentioned in the report had not been men- 
tioned in the report. Mr. F, Whitehouse 
(Sheffield Branch) agreed that the omission of 
chemical analysis was a progressive step, and 
particularly advocated that a series of micro- 
structures should be prepared showing the typi- 
cal structure which should be obtained with dif- 
ferent classes of castings. 

Mr. R. C. Tucker (Sheffield Branch) was also 
of the same opinion, but stressed the value of 
chemical analysis as a day-to-day check, and 
pointed out how customers could utilise it as a 
ready means of confirming the quality of the 
iron. 


Deflection 


Although he was unable to advance any data 
in support of his contention, Mr. J. G, Gould 
(Middlesbrough Branch) was of the opinion that 
results of deflection testing were influenced by 
the temperature of testing. 

Mr. H. H. Shepherd (East Anglian Section) 
said that in his experience, even with the latest 
type of deflection testing machine, considerable 
difficulty was experienced recording the deflec- 
tions accurately. He suggested that the Sub- 
Committee should append a note recommending 
a standard method of recording the value. 

Mr. C. Gresty (Newcastle Branch) found de- 
flection testing to be somewhat unsatisfactory, 
and suggested that to take the deflection value 
at a definite proportion of the load was the 
only satisfactory way. With regard to using a 


corrected test, he said that if a test-bar nomin- 
ally 1.2 in. dia. was taken, one would probably 
register the rupture strength and not the break- 
ing load. 
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Compression Strength 

Mr. C. H. Kain (East Anglian Section) asked 
if the Sub-Committee were able to explain why, 
in the new specifications, a considerable increase 
in the tensile strength of cast iron had been 
shown, but the compression strength of the 
material had not increased proportionately. He 
asked for further information generally on the 
compression strength of cast iron, and particu- 
larly with regard to the relationship strength 
and the modulus of elasticity. 

Mr. A. E. Peace (East Midlands Branch) said 
the higher compression strength of cast iron has 
long been recognised as one of its most impor- 
tant qualities, and he thought, therefore, that 
it was to be regretted that information had not 
been included to show the variation between 
compression strength and size of bar. He 
thought that the Report seemed to indicate that 
in heavier sections the compression strength fell 
away in the same way as did the tensile 
strength, and he drew attention to the lower 
curves of Fig. 1 of the report, and pointed out 
that a tensile strength of 15 tons was shown on 
the 0.875-in. bar and that in Table VII that 
tensile was related to 54 tons compression. It 
would be assumed, therefore, that such metal 
in a 2.1-in. dia. bar, giving 11} tons as shown 
in Fig. 1, would have a compression strength of 
41 tons. Whilst he had no data to support his 
view, he did not think the compression strength 
would diminish to that figure in the larger 
section. 


Modulus of Elasticity 

Discussing Table VIII of the Report showing 
the approximate values of modulus of elasticity 
for each grade of cast iron, Mr. A. Logan 
(London Branch) said that a lower order of 
testing than was specified was rarely required, 
but he pointed out that the modulus of elas- 
ticity given for Grade C was from 10 to 14 
million Ibs. per sq. in., and said that he had 
never experienced an iron with a modulus of 
elasticity lower than 13 million lbs. per sq. in. 

Mr. A. E. Peace (East Midlands Branch), 
speaking with regard to the determination of 
the modulus of elasticity, said he appreciated 
that when a material had a low modulus, the 
necessary rigidity could only be obtained by in- 
creasing the section. He mentioned that a 
second method of increasing this property had 
been disclosed by Pearce. He assumed that the 
first method consisted of dividing unit deflec- 
tion into unit stress at the recommended 25 
per cent. of the ultimate tensile strength, but 
he asked to have confirmation of this point. 

Mr. R. C. Tucker (Sheffield Branch) drew 
attention to the various methods of estimating 
Young’s modulus of elasticity, and particularly 
the American method, which gave the ultimate 
modulus and which depended on taking the total 
deflection on fracture. It was possible, he said, 
to obtain Young’s modulus by the direct exami- 
nation of the tensile test-bars, and he empha- 
sised the difference between Young’s modulus 
in compression and in tension. 

Mr. G. Elston (Newcastle Branch) asked for 
an explanation of the term modulus of elasticity. 


Fatigue 

Mr. R. C. Tucker (Sheffield Branch) said 
that he had heard that grey cast iron had a 
high fatigue value compared with steel, but he 
wished to point out that this was not in fact 
true. Ordinary engineering iron, he said, had 
a fatigue value of about 0.46 of the tensile 
strength, and this was not very different from 
a structural steel which would have a higher 
tensile strength. 

Mr. A. E. Peace (East Midlands Branch) 
was interested in the information concerning 
fatigue strength, and said that the statement 
that cast iron was less sensitive to grooves and 
notches than steel was of great importance. 
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The wording could, he thought, be enlarged to produce this class of iron, namely, good-quality 
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cover, in addition to ‘‘ grooves and notches,” 
toughness of surface and expanded parts. 
Presenting the data shown in Table A, Mr. 
Peace said it could be seen that the two cast 
irons ‘showed no reduction in fatigue strength 
when notched, but the steels showed a loss of 
25 to 40 per cent. It was interesting to note 
that the ratios of fatigue to tensile strength 
ratios for cast irons were 0.53 and 0.60, which 


figures were within the limits given in the Sub- ’ 


Committee’s report. 


TaBLeE A.—Fatigue Strength of Cast Iron and Steel. 


Tensile Fatigue strength. 
Material. strength. Tons per sq. in. 
Tons per 
| 8% in Plain. Notched. 

Mild steel* 34-3 17-2 11-4 
Nickel steel 51-5 22-5 13-5 
Cast iron* | 15-8 8-9 8-9 
Cast iron | 29-6 15:7 15-7 


* Cornelius and Bollenrath, “‘ Die Giesserei,” Vol. 23, 
No. 10. 


Mentioning that castings occasionally failed 
due to fatigue, Mr. C. H. Kain (East Anglian 
Branch) asked that the Sub-Committee should 
give further information on the fatigue strength 
of cast iron and on fatigue failure. 


impact Value 
Several members asked for more information 
on the impact testing of cast iron, and on the 
value of the test. 


Brinell Hardness 

Mr. E. Noble (Birmingham, Coventry and 
East Midlands Branch) drew attention to the 
development on high-duty cast irons, and men- 
tioned their resistance to wear and abrasion. 
He did not wish to suggest that there was any 
direct relationship between abrasion resistance 
and hardness, but he did think that the Brinell 
number was a help in determining the suita- 
bility of an iron where resistance to abrasion 
was required. In his opinion, it would have 
been useful had the B.S. Specification 786 in- 
dicated what hardness could be expected from 
the various classes of iron. 

Mr. J. G. Pearce (Birmingham, Coventry and 
East Midlands Branch) mentioned that the 
Brinell hardness had been included for the first 
time in the B.S. Specification for cast-iron 
gears and gear blanks, but did not advocate its 
general inclusion in all specifications. There 
was, he said, no doubt that in that particular 
application the Brinell hardness number would 
increase with the tensile strength. 

Mr. A. E. Peace (East Midlands Branch) 
asked that, in a general way, Brinell hardness 
should be related to graphite size, matrix struc- 
ture and hard inclusions of phosphides and car- 
bides, whilst Mr. W. G. Thornton (West Riding 
of Yorkshire) asked if any formule could be 
given relating to the Brinell hardness and the 
tensile and transverse strength of cast iron. 


Magnetic and Electrical Properties 
Mr. A. E. Peace (East Midlands Branch) 
thought that some mention might have been 
made of literature on electrical and magnetic 
properties of cast iron, and in particular men- 
tioned the work of Partridge (Journal of the 
Iron and Steel Institute, 1925, No. 2, page 101). 


Miscellaneous 

Mr. G. W. Brown (Birmingham, Coventry and 
East Midlands Branch) said that he was of the 
opinion that the test-bar system only ap- 
plied to a fairly small portion of the industry, 
and said that the majority of foundries were not 
concerned with test-bars. 

Mr. C. H. Kain (East Anglian Section) drew 
particular attention to the high cost of pro- 
ducing high-duty cast iron and mentioned the 
special precautions which had to be taken to 
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expensive pig-iron, a high coke ratio; and mc e 
refractory sands. He also mentioned that the 
was increased wear on the cupola refractor.os 
and that larger feeders had to be used and tl! it 


there were additional costs connected w:.h 
fettling operations. 
Mr. Kain, also inquired why the tem 


modulus of rupture’? had been superseded 
‘‘ transverse rupture stress.”’ 

Mr. A. E. Peace (East Midlands Bran:':) 
stated that he would like to have seen mention 
of types of cast iron which showed resistance 
to corrosion and heat. 

Mr. R. C. Tucker (Sheffield Branch) thought 
that the damping capacity of cast iron should 
be stressed in the report in view of the hich 
values which were obtainable with this material, 
and the speaker also discussed the question of 
creep. He drew attention to the work which 
was being carried out by the National Physical 
Laboratory which did not cater for heat-resist- 
ing bars, and which, he thought, did not carry 
out the tests in the most suitable way. Cast 
irons were expected to withstand temperatures 
of 650 deg. C. and although the normal creep 
tests were suitable for superheated steam they 
were not suitable for testing furnace parts. He 
thought that the question should receive more 
attention and mentioned that he was carrying 
out various investigations himself. 

Mr. C. Gresty (Newcastle Branch) claimed 
that the specification did not make satisfactory 
provision for the ‘“‘ border line’’ results. He 
wondered if, in the event of a test-bar being 
found to be white or chilled, and the relative 
casting being found not white or chilled, a second 
bar could be cast. He suggested that such pro- 
vision be added to the specification. 

Mr. S. E. Dawson (East Midlands Branch) 
asked what factor of safety there should be in 
working to the cast-iron specifications. As an 
example he mentioned that if a Grade A iron 
was made which had a tensile of just 12 tons, 
it might be rejected. He realised that many 
factors were involved and that one could make 
an iron of the same composition to suit a par- 
ticular casting in various ways, by using different 
types of pig-iron or steel, or by variation of 
the melting practice. He thought that it was 
important to know whether, say, 13 or 14 tons 
per sq. in. tensile should be sought in order 
to be sure of reaching the 12 tons per sq. in. 
specified for Grade A iron. 

Mr. C. Gresty (Newcastle Branch) commented 
upon the unsatisfactory position which he felt 
existed in connection with transverse and tensile 
testing, and thought it difficult to understand 
why such an unsatisfactory position should ap- 
pear in a specification. He thought it was very 
much easier to meet the necessary transverse 
strength than it was the tensile, and he asked 
why the ratio between the two parts was not 
made constant in the specification. 


CAST-IRON SUB-COMMITTEE’S REPLY TO 
THE DISCUSSION 

The completion of the Sub-Committee’s reply 
to the discussion has been prevented by the 
present war-time conditions. The Sub-Com- 
mittee has, however, come to certain conclusiots 
on the first two points raised, their reply being 
given below. 


Methods of Running Test-Bars 

The Sub-Committee recommend that inde- 
pendently-poured test-bars should be moulded aud 
cast vertically. 1t is desirable that there should 
be no longitudinal joint owing to (a) risk of 
white iron dendrites running in from the ‘ash 
at the joint and (b) risk of bars not being truly 
round. It is not possible to make any definite 
ruling as to the best position for the runnt 
owing to the widely different characteristics of 
the irons to be tested, but top or bottom running 
should be used according to experience, avd a 
combination of top and bottom running is not 
(Continued on page 278.) 
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Basic Electric Practice for Steel Castings” 
By CHARLES W. BRIGGS (CLEVELAND, OHIO). 


Introduction 

Well-made basic electric steel has been recog- 
nised as quality steel. The process is divided into 
two periods: (1) The oxidising period and (2) the 
reducing period. Both periods have important 
functions but it is the reactions that take place 
during the reducing period that makes the pro- 
cess distinctive. During this period the dissolved 
or suspended oxides that occur in the steel are 
eliminated and the dissolved gases present in 
molten steel are reduced to a minimum. 

In the basic electric process, the phosphorus 
and sulphur content can be reduced to a very 
low figure, which, of course, is very desirable 
when complying with certain specifications requir- 
ing minimum quantities of these elements. Also, 
what is even more important is that a steel with 
a low sulphur content is apparently not affected 
by low ductility upon the addition of aluminium. 
Numerous tests have indicated that high 
mechanical properties may be obtained with basic 
electric steel when such critical amounts of } to 
1 lb. of aluminium per ton of steel are added. 
This apparently results from the fact that basic 
electric steel usually contains less than 0.02 per 
cent. sulphur. 

The process offers considerable flexibility in the 
production of a large variety of steels. The 
method is adaptable to the making of high alloy 
types as well as the regular grades. It is indis- 
pensable in the making of the 12 to 14 per cent. 
manganese steel.t Large tonnages of stainless 
steels and corrosion-resistant steels are made by 
this method due to the fact that easily oxidised 
elements, such as manganese and chromium, can 
subsequently be reduced during the refining 
period. 

Care in the selection of scrap, with reference 
to its phosphorus and sulphur content, is not as 
vital a factor as in some other processes, and 
consequently a lower priced scrap may be used. 

This process is not used in the production of 
steel castings to-day to the degree that is being 
accorded the acid electric process. This is un- 
doubtedly due to the ease with which high-grade 
scrap of low phosphorus and sulphur content can 
be acquired. Also, the relatively higher costs of 
basic refractories make the acid method quite 
attractive. It should be pointed out, however, 
that the present use of phosphorus additions to 
produce high-tensile steels (rolled steel) may make 
the scrap problem of the future more complex, 
and it is quite possible that for this reason the 
basic process will find more application in the 
steel foundry in years to come. 

It is, however, not the purpose of this Paper 
to dwell on the economic possibilities of the pro- 
cess, but to present the details of the production 
of steel for steel castings by the basic electric 
method. 


Sintered Linings 

The furnaces in which the basic electric pro- 
cess is used throughout the industry vary in 
rated capacities from 4 to 74 tons. The average 
size, however, is the 6-ton furnace. The bottoms 
or hearths of the larger furnaces are constructed 
from graded, calcined magnesite or dolomite that 
is fused into place. Such a construction is 
usually the case when considerable amounts of 
iron ore are used in the melting practice. The 
sub-hearth is insulated with a flat course of fire- 
bricks against the shell, on top of which are laid 
several courses of magnesite brick extending up 
the side walls to just above the slag line. The 
side walls and roof are lined with silica brick. 


Syr 


\ Contribution to the American Foundrymen’s Association's 
osium on Steel-Melting Practice. The author is Technical 


Adv'-er of the Steel Founders’ Society of America. 

housands of tons of manganese steel have been made in the 
baby-Bessemer furnace in Sheffield, melting the FeMn in an 
aux''ary furnace.—EDITOR. 


The accepted practice is to place three pieces 
of used or broken electrode on the bottom so that 
they will be under each furnace electrode and in 
contact with each other. The furnace electrodes 
are then lowered and the current turned on. 
A low tap should be used at first so that the 
furnace will be heated gradually and allowed to 
dry out. When the brickwork is thoroughly dry, 
the temperature can be brought up to the sinter- 
ing heat and the first layer of magnesite can be 
placed. When this has sintered tightly to the 
brickwork, the next layer is shovelled in, and 
the process continued until the bottom is com- 
plete. 

Usually a small amount of ground slag (basic 
open-hearth or first slag from the basic electric) 
is added to the magnesite to help the magnesite 
to sinter in place. Small additions of ground 
calcined dolomite are sometimes substituted for 
the slag, as the dolomite has a sintering point 
that is lower than that of magnesite. Typical 
analyses of magnesite and dolomite are shown 
in Table I. The pieces of electrode used for 
resistors are prised up as the bottom is built up. 


TasLe I.—Typical Percentage Composition of Magnesit 
and D 


lolomite. 
Magnesite. Dolomite 
SiO, 4 to 8 12-0 
5.0 
e ee oe 
CaO’ 8-6 to? 47-0 
MgO .. ..| 80 32-0 


Rammed Linings 


In all the small furnaces and in some of the 
larger ones the bottom is rammed in place. Peri- 
clase (90 per cent. MgO with less than 5 per 
cent. SiO,) is mixed with a high-temperature 
bonding agent such as Austrian magnesite, to 
which is added about 3 per cent. sodium silicate 
to make the mix sufficiently moist to allow the 
material to be tamped. The periclase is well 
graded so that about 75 per cent. passes the 6- 
mesh sieve and remains on the 20-mesh. The 
mix contains about 70 per cent. of this material 
and the other 30 per cent. is made up of equal 
amounts of finely ground periclase and the high- 
temperature bonding agent. 

The moistened material is rammed to the 
shape of the desired hearth. A wood fire or an 
electric heater placed in the closed furnace will 
dry out the brickwork. This is often followed 
by a coke fire to heat up the furnace, and then 
the current is turned on and the electrodes 
allowed to are on the coke. The temperature 
of the furnace is brought up and held for several 
hours at a temperature just below that which 
would cause the silica brick in the side walls 
and roof to drip. With this treatment the bottom 
will be sintered to a depth of 3 to 4 in. 

Another modification of the rammed bottom 
is made by the use of magnesite to which is 
added 5 to 8 per cent. of fire clay. The materials 
are intimately mixed by mulling in a sand 
muller. Enough water is added to allow the 
mix to be tamped into place. A still further 
modification consists of magnesite, or magnesite 
and dolomite, to which is added hot tar for 
tamping purposes. 

In some cases, a course or two of the neutral 
chrome brick are placed between the magnesite 
brick and the silica brick on the side walls. 
This is a sound principle but the chromite refrac- 
tories are more ordinarily avoided due to the 
possibility of chromium being reduced and alloy- 
ing with the bath. 

Raw Materials 

The slag-making materials for the basic process 

consist of lime, sand, fluorspar and a carbonaceous 
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material such as ground carbon, graphite or 


coke. Analyses of these materials are given in 
Table If. The lime should be of good grade 
and contain not less than 95 per cent. CaO. 
Excellent grades of lime may be obtained if 
metallurgical lime of the analysis as shown in 
Table Il is specified. The material should be 
purchased in rice size with the dust screened 
out.. If possible, the lime should be obtained in 
airtight containers as the lime breaks down into 
fines when standing in the air. 


TaBLE II.—Percentage Composition of Slag-Forming 
rials. 


Materials 
Fe,0, + 
CaO. | SiO,. | MgO. | CaF,. Al,Oy. 
Lime ..| 95-0 1-0 1-5 1-5 
Sand --| — | 98-0 1-5 
Fluorspar ..| 5-0 5-0 85-0 5-0 


Limestone is seldom used in place of metal- 
lurgical lime, partly because it has to be calcined 
in the furnace, which delays operations, and 
partly because it does not form up well in .the 
refining slag. ‘Tests by von Keil and Czermak* 
have shown that the oxygen content is higher in 
those steels where limestone was used in the 
refining slag, thus causing an increase in the 
consumption of deoxidising agents. However, 
limestone is often used during the melting period 
and in the forming of the oxidising slag. 

The primary function of fluorspar is to lower 
the viscosity of the basic slag. It also aids in 
the removal of sulphur and phosphorus from 
steel, indirectly, by decreasing the slag vis- 
cosity, and directly, by forming compounds 
containing phosphorus and sulphur which may 
enter the slag or escape by volatilisation. Fluor- 
spar makes it possible for a slag to have a high 
lime content without being excessively viscous, 
a fluid slag being more reactive than a viscous 
one, and it does this without changing the 
basicity of the slag. Silica sand is also used 
occasionally as a thinning agent; the addition 
of sand, however, lowers the basicity of the 
slag. 

The other raw materials consist of iron ore, 
scrap steel and the ferro-alloys used for de- 
oxidation. Iron ore is used when the scrap is 
high in carbon content and a much lower carbon 
content is desired. The steel scrap consists of 
approximately 20 to 35 per cent. of foundry 
returns in the form of gates and risers. The 
remainder consists of purchased steel scrap and 
turnings from the machine shop. A_ great 
variety of light and medium-sized scrap is used. 
A charge containing over 0.10 per cent, phos- - 
phorus and 0.08 per cent. sulphur is very seldom 
used in the cold-scrap practice, Generally in 
steel-casting manufacture it will run consider- 
ably below this figure, since pig-iron is not used 
in the charge and the necessary slagging opera- 
tions required by high phosphorus content scrap 
more than offset the savings effected by the 
purchase of unclassified scrap. 


Charging 

The furnace is charged first with the heavy 
scrap which is placed directly under the elec- 
trodes. Light scrap is charged around the elec- 
trodes and in the centre of the furnace. The 
light bulky scrap, such as turnings, is charged 
around the sides, Limestone or lime is some- 
times charged with the scrap, but care is taken 
to keep these non-conducting materials from in- 
terfering with the formation of the are. 

The placing of the scrap in the furnace and 
the proper proportion of light and heavy scrap 
are important from the standpoint of bottom 
difficulties and rapid melting. The heat should 
melt from the bottom up. If the are is mostly 
concentrated on the heavy scrap a pool of metal 
will be formed quickly and a constant are can 


* Von Keil, 0., and Czermak, E., “ Stahl und Eisen,” 1932, 
vol. 52, August 4, pp. 749-756. 
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be maintained. This is of importance in the 
cutting down of power surges and the decreas- 
ing of melting time. 

The foundry returns should be free of excess 
sand, as adhering sand will lower the basicity 
of the slag and thus affect the efficiency of the 
phosphorus elimination. The modern furnace 
is equipped with a removal roof, which saves 
considerable time in charging. Hand charging 
has the advantage that the scrap can be placed 
in the furnace as outlined above. If charging 
buckets are used, care must be exercised in plac- 
ing the scrap in the bucket so that it will fall 
correctly into the desired place. 

Another precaution that is considered essen- 
tial is that the metal charge and all alloys as 
well as all fluxes and slag-forming materials 
must be absolutely free from moisture to pre- 
vent the decomposition of water vapour. The 
hydrogen so formed may be absorbed by the 
bath with the possibility of producing defective 
steel at the time of casting. Some operators 
go so far as to preheat all their materials be- 
fore putting them into the furnace. 


Melting 

The manufacture of basic electric steel for 
steel castings is carried on by two processes :— 
(1) The cold scrap process; and (2) the hot metal 
process. In the former, the charge is melted 
and refined in the basic electric furnace; in the 
latter the melting and refining, or in some cases 
just the melting, are carried out in the open- 
hearth. The molten steel is then transferred to 
the electric furnace, where the refining opera- 
tions are continued. 

The cold scrap process is the one ordinarily 
favoured, since approximately 95 per cent. is 
produced in this manner. In the cold scrap 
process the melting operation is carried out as 
quickly as possible. As soon as a pool of metal 
is formed, a small amount of lime or limestone 
is added to protect the metal from over-oxidis- 
ing. From time to time during the melting, 
other additions of lime or limestone are made, 
so that when the charge is completely melted a 
slag in the proportion of about 30 to 40 lbs. 
to the ton of metal is present. 

If it is necessary to use iron ore, as an aid 
in the elimination of carbon, it is usually added 
just before melting is completed. In some cases 
it is added in two separate batches, namely, 
just before and again shortly after melting is 
completed. In one plant manganese ore is used 
instead of iron ore. 

Under certain circumstances it may be neces- 
sary to add a little fluorspar to the slag when 
no ore is added to the bath in order to lower 
the viscosity of the lime slag. This, however, 
is only necessary when the scrap is exceptionally 
free from rust. As soon as the bath is melted 
the power input is reduced, in order that low 
temperature will be maintained as an aid in the 
phosphorus elimination, and a metal test for the 
chemical laboratory is taken. The slag will 
appear very black and will be quite brittle. 

In Table III are presented the analyses that 
have been obtained from a study of basic oxidis- 
ing slags produced in commercial practice. The 
table brings out some very interesting observa- 
tions. In the first place, it shows the close con- 
trol of oxidation that may be obtained. Since 
during the melting period there are no oxidising 
gases present, as in the open-hearth process, the 
oxidation may be controlled by the amount of 
oxygen, in the form of a solid oxide, that is 
admitted to the furnace. The solid oxide may 
be present in the form of iron ore, mill scale 
or rusty scrap. 

It will be noticed from Table TIT that the 
FeO content of the oxidising slags varies from 
12 to 25 per cent. Thus slags A, F and H were 
melted with an excess of rust or scale in the 
charge or that iron ore was added when the 
charge was melted. Slags of this type indicate 


that complete oxidation was obtained during the 
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melting period and that carbon, manganese, 
chromium and silicon have been almost com- 
pletely oxidised from the molten meta]. If a 
charge is made up of scrap that will average 
between 0.20 and 0.25 per cent. carbon, it is 
possible to obtain, by melting with complete 
oxidation, a carbon content of 0.03 to 0.07 per 
cent., manganese from 0.05 to 0.10 per cent. 
and silicon from 0.01 to 0.05 per cent. If 
the carbon content of the scrap averaged 0.40 
to 0.60 per cent., the carbon reduction would not 


III.—Percentage Analy 
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phosphorus eliminating ability due to the [ow 
lime content. 

It is thought that in order to obtain an elimi: :,- 
tion of phosphorus from the bath it is necess\:y 
that the slag contain an excess of bases and ot 
iron oxide. Table III confirms this in that s}: os 
high in bases and iron oxide show consider: le 
amounts of P,O, present. It should be poinced 
out for the sake of clarity that slag D contai.ed 
only a low percentage of phosphorus in the scrap 
(approximately 0.038 per cent.), and as will be 


ses of Basic Oxidising Slags. 


A. B. C. D. E. F. G. H. 
CaO ..| 38-56 50-28 43-85 51-20 45-10 36-71 17-26 30°47 
CaS 0-41 0-32 0-40 0-32 0-34 0-37 0-09 0-22 
CaC, 0-13 0-18 0-10 0-09 0-13 0-24 0-10 0-06 
FeO 24-62 15-50 18-02 14-85 12-25 24-12 13-80 24-55 
MnO 11-68 2-90 8-93 5-52 12-34 8-49 13-30 10-32 
Al,O; 1-96 1-07 2-16 2-94 2-02 3-45 5-24 2-00 
MgO 8-29 7-56 10-00 7-76 10-70 9-94 19-83 9-39 
Cr,0, ..| 0-62 0-35 0-22 0-57 4-26 1-22 
..| 1-52 1:57 2-44 0-47 1-96 0-82 0-06 0-58 
SiO, ..| 12-69 6-86 13-82 15-39 15-17 12-38 29-62 21-04 


be carried so low but would be in the neighbour- 
hood of perhaps 0.10 to 0.16 per cent. 

Oxidising slags that contain FeO in the neigh- 
bourhood of 13 to 18 per cent. are norma] to 
the cold scrap process as used in steel-casting 
manufacturing. Under these conditions iron 
ore is not added to the bath, mill scale is kept 
from the charge and the scrap is relatively free 
from excessive rust. This method of melting 
is spoken of as melting with partial oxidation. 
The carbon content of the scrap before melting 
will run from 0.20 to 0.40 per cent., whereas 
after melting it will be found to fall between 
0.10 to 0.20 per cent. The manganese content 
will usually fall between 0.10 to 0.20 per cent. 
and the silicon will be in the neighbourhood of 
0.05 per cent. 

There is a third variation of oxidation control 
in which an attempt is made to melt without 
oxidation. This practice is not used in the 
normal production of carbon and low-alloy steel 
castings. It is, however, practised in the manu- 
facture of high-alloy steel castings when scrap 
of high alloy content is used. This is especially 
true when the scrap is high in chromium or 
manganese. Under these circumstances no ore 
or scale is employed and the scrap is carefully 
selected so that it is as free as possible from rust 
and scale. Lime is used in place of limestone 
in the slag and the slag is not removed but 
becomes a base for the refining operations. In 
this case, of course, the small amounts of man- 
ganese, chromium and phosphorus that are oxi- 
dised during melting are reduced to their respec- 
tive elements and returned to the metal during 
the refining period. Only a small percentage 
of the carbon in the original scrap is lost. 

Several other interesting points may be men- 
tioned in connection with the slag analyses of 
oxidising slags of Table III. Slag B has very 
basic characteristics, so much so that it was 
necessary to add fluorspar in order to decrease 
the viscosity of the slag. When fluorspar is 
added, in order to have the analyses total 100 
per cent., it is necessary to analyse for CaF,. 
This is an important point and should be borne 
in mind by those analysing basic slags, especially 
the refining slags where fluorspar is more com- 
monly used. 

A good basic oxidising slag will contain between 
45 and 70 per cent. of strong bases (CaO + MgO), 
between 15 and 35 per cent. weak bases (FeO + 
MnO), and between 10 and 20 per cent. acids 
(SiO, + P,O,). 

Slag G is a very poor basic oxidising slag. The 
SiO, content is about 10 per cent. too high for 
normal practice. The high MgO content indicates 
that the magnesite lining is being unduly cor- 
roded because of the acid characteristics of the 
slag. The analyses show that the slag has little 
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shown later, was subjected to only the single slag 
process. It is rather difficult to obtain an 
accurate determination of the amount of phos- 
phorus that is eliminated from the bath during 
the melting period and the subsequent time that 
the oxidising slag remains on the bath. 

This is because it is difficult to arrive at an 
accurate determination of the phosphorus con- 
tent in the scrap. Also a determination of the 
phosphorus content of metal after the steel has 
melted down does not tell the entire story since 
phosphorus elimination is proceeding during the 
melted down does not tell the entire story since 
obtained by a study of the P,O, content of the 
slag and the phosphorus content of the metal 
at slagging-off time. The P,O, could be recon- 
verted if the total slag weight were known. Un- 
fortunately, under commercial practice, the 
weight of the oxidising slag is not determined 
and only a rough average of from 30 to 40 lbs. 
of slag per ton of metal is maintained. Values 
other than this may result depending on the 
erosion of bottom material, the amount of sand 
adhering to the scrap, the surface area of the 
bath, etc. 

At the time the oxidising slag is ready to be 
removed the phosphorus content of the bath will 
be in the neighbourhood of 0.01 to 0.03 per cent., 
providing that a good dephosphorising slag is 
employed. There will also be a slight loss in 
sulphur content. Tests made on the charging of 
a uniform grade of screw stock have shown a 
reduction of 0.008 per cent. sulphur at the time 
the oxidising slag was removed. 

The bath is now ready for slagging off. First, 
the double-slag process will be discussed, after 
which the single-slag method and other modified 
procedures will be outlined. 


Double-Slag Procedure 

The first slag, or oxidising slag, is removed by 
tilting the furnace and raking off the slag, 
usually through the charging door. The power is 
cut off and the electrodes raised to facilitate slag- 
ging operations. Considerable care is given to 
the slagging operation so that all of the slag 
may be removed from the bath. In some cases, 
lime is added just before slagging is completed 
so that the remaining thin slag will be thickened 
considerably, thus allowing the melter to remove 
the last traces of the slag. 

The complete removal of the oxidising slag 's 
necessary since this slag is carrying phosphorus. 
and under the reducing conditions which are to 
follow the remaining phosphorus will be azain 
reverted to the metal unless these precautions are 
followed. 

To the slag-free bath is added either ferro- 
manganese or ferro-silicon, followed by the a«!di- 
tion of carbon. The deoxidiser is added to re luce 
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the oxygen content of the bath so that the car- 
bon recovéry will be higher than would otherwise 
be obtained. By following this procedure it is 
possible to rely on a definite carbon pick-up by 
the bath. If the steel is to finish at 0.25 per 
cent. carbon, a carbon addition will be made so 
that the bath will contain between 0.20 and 0.22 
per cent. carbon. The open bath will pick up 
the added carbon quickly and immediately there- 
after the refining slag is added to the bath. 

In some plants the addition of ferro-silicon or 
ferro-manganese to the open bath is considered 
poor practice in that finely divided silica, which 
is the product of deoxidation reaction, is formed. 
Those who use the practice claim that these reac- 
tion products will be eliminated from the metal 
by migration to the slag during the hour-long 
refining period. 

The refining slag is usually mixed up before- 
hand and will contain a definite proportion of 
lime and fluorspar. About one-half of the total 
slag material to be used is charged at this time. 
TaBLE IV.—Record of a Double-Slag Heat of a 6-Ton 

Furnace. 
Analysis desired : C 0-25 per cent., Mn 0-65 per cent., 
SiO 0-30 per cent., P less than 0-03 per cent., S less 
than 0-03 per cent. 
13,000 Ibs. misc. scrap, 5,000 Ibs. foundry 
returns. Total, 18,000 lbs. 


Charge : 


10.00 a.m. Power on high voltage. 

10.30 a.m. Lime—100 lbs. 

11.00 a.m. Lime—200 lbs. 

11.20 a.m. Lime—100 Ibs. 

11.40 a.m. Lime—850 lbs. Intermediate voltage. 


Melted down. 

First labatory test for C and Mn. 

Test reported C 0-15 per cent., Mn 0-13 
per cent. 

Second laboratory test for P and S. 

Slag sample. 

Slag off. 

Finish slag off. 

Add: Ferro-manganese—105 Ibs. 80 per 

cent. Mn. 
Ferro-silicon—25 Ibs. 50 per cent. Si. 

Add: Pulverised carbon—20 Ibs. 

Add: Refining slag mix—200 Ibs. lime, 
25 Ibs. fluorspar, and 20 Ibs. sand. 


Add: Refining slag mix—200 lbs. lime, 
25 Ibs. fluorspar and 10 Ibs. pulverised 


12.05 p.m. 
12.10 p.m. 
12.25 p.m. 


12.30 p.m. 
12.32 p.m. 
12.35 p.m. 
12.42 p.m. 
12.43 p.m. 


12.44 p.m. 
12.45 p.m. 


12.58 p.m. 


carbon. 
1.05 p.m. Second slag sample. 
1.10 p.m. Third metal test for laboratory—carbon. 
1.15 p.m. Add: Pulv. carbon 4 lbs., pulv. FeSi 2 Ibs. 
1.20 p.m. Add: Pulv. carbon 2 Ibs., pulv. FeSi 2 Ibs. 
1.25 p.m. Carbide slag—Third slag sample. 
1.30 p.m. Second metal test reported P 0-019 per 
cent. ; S 0-42 per cent. 
Third metal test reported C 0-022 per cent. 
1.30 p.m. Add pulv. carbon 2 Ibs. 
1.35 p.m. Add pulv. carbon 2 Ibs. 
140 p.m. Fourth slag—disintegrated—white. 
1.42 p.m. Fourth metal test for C, Mn. 
1.55 p.m. Fourth metal test reported C 0-23 per cent., 
Mn 0-38 per cent. 
2.00 p.m. Stir bath; temperature test. 


Add ferro-manganese 70 Ibs. ; 80 per cent. 
Mn. 
Add Ferro-silicon 95 lbs. ; 50 per cent. Si. 


2.10 p.m. Stir bath ; temperature test. 
2.12 p.m. Fifth slag test. 
2.15 p.m. Tapped. 
The electrodes are lowered and the current turned 


on as the slag materials are added. A lime to 
fliorspar ratio of approximately 8 to 1. is 
or’inarily used. In some foundries is 
added to the mix or substituted for part of the 
fl: rspar. Usually sand is only added with the 
firt addition of slag-making materials, so that 
a) easily fusible slag will be obtained as quickly 
as possible. As the materials fuse, further addi- 
tons of lime and spar are made until the proper 
‘ume of slag is obtained. To these later addi- 
tens pulverised carbon is added so that reduc- 
' £ conditions may proceed at once and thus 
a the oxidation of the carbon in the 
metal, 
fhe metal to slag ratio is normally between 
‘to l and 40 to 1, depending on the size of the 
"nace, or as more correctly stated, depending 
the surface area of the bath. As soon as 
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the second slag is melted, the current is reduced 
and the refining operation proceeds. The slag 
colour at this stage is quite black. At regular 
intervals a small amount of pulverised carbon or 
coke is spread over the bath. In some foundries 
a small amount of pulverised ferro-silicon is 
added with the carbon, especially at first to 
hasten the reducing action. As this reaction 
progresses the slag, which at first may be a 
dark greenish brown, turns lighter brown and 
then will disintegrate or crumble to a white or 
grey powder. 

Slag samples should be taken at regular in- 
tervals during the period the pulverised carbon 
additions are made to the slag. The slag at 
first will foam up when the carbon is added and 
later, when deoxidation is nearly complete, it 
will have the general effect of a lot of popcorn 
floating on top of the bath. Just prior to the 
time that the slag sample disintegrates, an 
odour of acetylene from the calcium carbide may 
be detected in the steam rising from a slagged 
spoon that has been placed in water. 

It is possible to carry the deoxidation to such 
an extreme that so much calcium carbide is 
formed that the slag will break down into a 
dark grey powder instead of the usual white 
powder. Slags of this type will contain as much 
as 1.50 to 3.00 per cent. calcium carbide. 

In some foundries the procedure of not allow- 
ing even the white powder slag to form is estab- 
lished, and only a light brown slag that emits a 
faint odour of acetylene is used as the finishing 
slag. The reason given for using this practice 
is that the steel under this type of slag has a 
greater fluidity than one produced under a 


TaBLeE V.—Percentage Slag Analysis from Heat of 


Table IV. Double Slag. Carbon Steel. 


No. 1. | No. 2 | No. 3 | No. 4 

Oxidi- No. 5. 

sing Refining slags. Tapping. 

slag. 1.05 1.25 1.40 2.12 

12.32 p-m p-m. p-m. p-m. 

p.m. 
CaO 41-02 | 43-28 | 49-91 | 51-84 | 51-35 
CaF, . 6-98 7-30 7:96 7-05 
CaS 0-22 0-28 0-41 0-46 0-71 
CaC, . — 0-16 0-70 0-58 0-59 
FeO ..| 23-90 | 11-55 0-88 0-43 0-67 
MnO ..| 7-00 8-42 2-96 0-91 0-30 
Al,03. 1-96 1-61 1-76 1-50 2-12 
MgO ..| 9-56 7°69 9-08 7:42 9-60 
Cr,0;..| 0°75 0-56 0-08 0-02 0-02 
P.O, ..| 0-98 0-32 0-21 0-07 0-02 
SiO, 14-56 19-72 27-68 29-30 27-18 
Colour | Black | Dark Light | White | White 

brown- | brown 
green | 


white finishing slag. Such a slag will contain 
iron oxide present in quantities between 1.5 and 
3.0 per cent. 


TaBLE VI.—Single-Slag Method. Typical Finishing 
Slags at Tapping Time. 


No. 1. | No. 2. No. 3.| No. 4.} No. 5 
CaO 45-23 | 51-39 | 54-87 | 54-26 | 43-42 
CaF, 11-05 11-52 13-53 18-50 6-69 
CaS 0-53 1-82 0-41 1-35 0-23 
CaC 0-50 1-05 1-03 1-22 0-28 
FeO 1-05 0-85 0-84 0-48 2-50 
MnO 0-73 0-15 0-42 0-35 2-88 
Al,O,..| 2-72 | 3-05 | 1-20 | 2-06 | 3-15 
MgO ..| 14-53 13-02 6-56 7:77 8-50 
Cr,0,. 0-02 — 0-02 — — 
Pe... 0-03 0-02 0-06 0-03 0-02 
SiO, ..| 23-68 17-42 19-80 14-04 | 31-06 
Colour | Light | White | White | White | Dark 

brown brown 


The period in which the refining slag is on the 
bath will total from 1 hr. to 14 hrs. Half of 
this time is taken up in forming the slag and 
the other half in deoxidising it. Generally, 
+ hr. after the slag is made is a sufficient length 
of time thoroughly to deoxidise the slag. The 


oxides of iron and manganese in the slag are 
reduced to metallic manganese and iron by the 
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reaction of carbon on the oxides and the forma- 
tion of CO. The sulphur is converted to cal- 
cium sulphide and retained by the slag, or 
escapes as SO,. These reactions will be ex- 
plained in detail further’ on. 

During the refining period, the consistency 
of the slag should be carefully observed. The 
slag should not be allowed to become too vis- 
cous, since an intimate metal contact will not 
be made and sulphur elimination will not pro- 
ceed. Also, it should not be allowed to become 
too fluid or thin, as it will not develop into the 
proper reducing slag. The latter condition is 
usually an indication that the SiO, content is 
becoming too high, either due to spalling of the 
silica refractories, or too much sand being used 
in the slag-forming materials. It should, of 
course, be remembered that in order to have 
efficient sulphur elimination, the lime to silica 
ratio must be kept high. The colour and the 
appearance are good gauges of the deoxidising 
value of the slag. 

A sample for the chemical laboratory is 
obtained as soon as the carbide slag appears. 
As soon as the carbon and manganese contents 
of the bath are known, preparations are made 
for deoxidation and tapping of the furnace. 

If further additions of carbon to the metal 
are needed, it is added usually in the form of 
washed metal (3.5 per cent. C with low P, S 
and Si content) or a low-sulphur pig-iron. The 
power input is increased and the metal tem- 
perature or its flowing power is adjudged by 
spoon set tests or fluidity tests. Upon obtaining 
the desired temperature, the final additions in 
the form of ferro-manganese and ferro-silicon 
are made and the bath is rabbled and tapped. 
In some cases ferro-titanium is added to the 
furnace just prior to tapping. Also, in other 
plants a small amount of aluminium is added 
to the ladle during the tapping. 

In most cases, the metal is tapped into bottom 
pouring ladles. Top pouring ladles are seldom, 
if ever, used since it is rather difficult to hold 
back the slag because of its quite fluid charac- 
teristics. Occasionally basic steel is hand- 
shanked, but this procedure is an exceptional 
one in that basic electric steel is considered to 
have rather poor shanking qualities. By this 
it is meant that the fluidity characteristics of 
basic electric steel are considered to be inferior 
to those of acid electric steel. Considerable basic 
electric steel has been hand-shanked, but for this 
purpose the steel is practically always made by 
the single-slag method. In Table IV a furnace 
record of a typical double-slag heat is presented. 

From a study of the miscellaneous scrap, it 
is believed that the phosphorus and sulphur con- 
tents were approximately each 0.05 per cent. 
at the time melting started. Slag analyses were 
also made on this heat and are given in Table 
V. Attention is drawn to the manner in which 
the FeO content drops and the CaS content in- 
creases as the refining time continues. 

In Table VI are given other typical refining 
slags at tapping time. These analyses bring 
out the fact that the SiO, content varies from 
15 to 30 per cent. and the FeO content will be 
present in amounts of 0.50 to 1.50 per cent., 
which is considerably lower than that found in 
the oxidising slag. 

(To be continued.) 


Serviceability of Cast-lron Pipes 


Mr. W. Murray Morrison states in the 17th 
Autumn Lecture—‘‘ Aluminium and Highland Water 
Power ’’—to the Institute of Metals that at Foyers 
in Scotland in the year 1895 ‘‘ pipes from the end of 
tunnel convey the water to the power house, where 
a static head of 350 ft. is obtained. The first 
pipes laid were 30 in. in diameter, cast iron with 
leaded spigot and faucet joints, and were buried 
in sandy soil. It may cause surprise to know that 
these original pipes still function efficiently, and 
have required little or no attention during these 
many years.” 
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In a Paper which he read before the Association 
Technique de Fonderie de France, Mr. CHARLES 
Dexneny dealt with cost price and its relation 
to the costing department and selling price. He 
divides the foundry—a brass foundry is the 
example shown—into the following departments : 
(1) Raw material stores; (2) melting shop; 
(3) sand preparation ; (4) moulding floor ; (5) core 
shop; (6) drying stoves; (7) moulding, finishing 
and assembling section ; (8) casting and stripping ; 
(9) fettling ; and (10) casting stores. We appeud 
some notes on the more interesting of his 
recommendations. 


Melting Shop 

In the first place he considers that the depart- 
ment should ignore everything but the conversion 
of materials taken from stores into liquid alloys 
which it delivers to the foundry. The melting 
losses are taken care of by adding six per cent. 
or more to the price as given by the raw 
material, built up on a basis of three per cent. 
on the whole charge; three per cent. on 50 per 
cent. remelted; three per cent, on 25 per cent. 
on a second remelting and so on, making a total 
of six per cent. If the returns from the foundry 
be 33 per cent. instead of 50 per cent., then by 
similar reasoning 4.5 per cent. would be added. 
He proposes to subdivide the losses, which make 
up the coefficient of the exploitation of the 
melting department into three categories: (a) co- 
efficient of melting losses; (b) coefficient of 
fettling ; and (c) technical coefficient. Category 
(a) relates to the case when the quantity of metal 
is cast which is strictly necessary to cast sand 
castings. [This is an unusual definition of melt- 
ing loss.—Epitor.] This coefficient is difficult to 
determine in a jobbing foundry. The fettling 
coefficient (b) is that which covers losses through 
filing and grinding and is usually small. The 
technical coefficient (c) is that which would he 
obtained if one could cost metal not usefully 
used.' Apparently the difference between (a) 
and (c) is that the former cannot be influenced 
by the skill of the moulder, whereas (c), which 
includes scrap castings, runners and risers, etc., 
can be. From the above the following formula 
is postulated :— 

1 
1—m 

Where C is the coefficient of loss of exploitation 
(taken at 7.8 per cent.) of the melting depart- 
ment, p is the melting loss (taken as 2.75 per 
cent.) and m the quotient of the weight of metal 
which is returned to the furnace and of the 
weight of the initial charge. On the figures 
indicated this quotient would -be 0.648; this 
means that the returns would be 64.8 kg. for 
every 100 kg. melted. 

The next items to be dealt with are (a) labour 
and its oncosts, and (b) costs incidental to melt- 
ing. The author includes in (a) the statutory 
deductions, such as unemployment and health 
insurance. As for (b), all the nominal items, 
such as fuel, slags and fluxes, are included. 


Sand Preparation 
For this department, the costing is related to 
the weight of prepared sand delivered to the 
foundry. The department is debited with the 
cost of new sand, the cost of preparation, and 
is credited with the sand delivered to the 
foundry. 


Moulding Shop 


The author envisages a moulding shop as an 
independent one receiving prepared sand and 
delivering mould, either to the stoves or to the 
casting floor. Here, by long reasoning, a classi- 
fication is established which allows the costing 
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A French Costing System 
NON-FERROUS WORK STRESSED 


of theoretical categories of castings, by estab- 
lishing the real costs of typical examples. 


Core Shop 
The costing of this shop when engaged on 
mass production is based on time and weight, 
but for jobbing foundries a factor related to 
labour cost is advocated, and for intermediate 
work the production is costed by class types. 


Drying Department 
This department receives green moulds and 
cores and delivers them to the finishing and 
closing floors. The costing is based on the quan- 
tity of sand used for each mould, at a figure 
supplied by the sand preparing department. 


Mould Finishing and Assembling Department 

This section receives rammed-up boxes and 
cores and delivers closed-up moulds. Theoretic- 
ally it is necessary to add to the cost of the 
mould the value of the cores and the time taken 
up in finishing. Two items are dealt with 
separately—the closing time for plain moulds 
and coring-up time. By classification a proper 
costing system can be established. 


Casting and Stripping 

This department receives liquid metal and 
closed-up moulds and delivers one product and 
two by-products. The product is the stripped 
casting and the two by-products the runners 
and risers and the used sand. With quantity 
production or a single large casting this is easily 
accounted for, but fails with a mixed output. 
In this case, attention is given to three major 
operations :—(a) The teeming of the metal; (b) 
transport and the destruction of the moulds; 
and (c) stripping. Item (a) can be related to 
weight, whilst (b) and (c) are costed by number 
of moulds. Time studies are suggested. In the 
author’s foundry he charges up time as 15 per 
cent. for casting up, 75 per cent. for mould 
transport and 10 per cent. for stripping, etc. 


Fettling Shop 


Here stripped castings are received and fettled 
castings are delivered to stores where piecework 
rates are based on the weight of castings de- 
livered, costing presents no difficulty. Also, 
where piece rates have been fixed for each cast- 
ing, no difficulty should arise. In other cases 
the complexity of the casting enters. It is 
suggested that hourly production associated with 
time studies is a solution, followed by a division 
into classes. 

Indirect Costs 

These are usually a source of great difficulty. 
Methods of absorbing them are (a) based on 
weight delivered; (b) based on value of the cast- 
ings delivered; or (c) each shop can be charged 
according to a coefficient according to one or 
more directive notions. System (a) favours light 
work and is only suited for quantity-production 
plants making castings entering into one cate- 
gory. System (b) is better as it favours good 
castings at the expense of bad ones. It penalises 
the more expensive alloys, and favours the 
cheaper ones. A better principle is to absorb 
these costs not on the value of the castings, 
but on the value of the castings less the cost 
of the raw materials. This implies that it is 
related to the value of the work done on the 
castings. 

Costing System 

Using his ten sections, the author associates 
with each one the wages, statutory augmenta- 
tions (health insurance, etc.) ; direct costs. These 


total up to seurres or work done and indirect 
costs (heating, lighting, etc.) and finally the 
costs. 


establishment By having such a table 
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available, a provisional one can be got out weeily 
to take care of the variable nature of the work 
going through so as to have a basis for cost 
examination. 

The author sets out in tabular form the ccsts 
to be expected for a given inquiry for indivic ial 
castings and by excepting the cost of iaw 
materials but taking into consideration the eizht 
manufacturing departments, he reduces them to 
moulding, core-making and cleaning. 

When dealing with repetition jobs, the author 
subdivides manufactures into average castings 
(the basic figure); light, heavy, extra light and 
extra heavy castings. These are spaced out hori- 
zontally in a table, and vertically the following 
headings are carried: (1) Hypothetical rate of 
hourly production (actual in the case of the 
average castings); (2) hypothetical production; 
(3) costs estimated to remain constant; (4) varia- 
tions of costs of melting and casting; (5) the 
total of (3) and (4) and (6) the price per kilo- 
gram. 

It may be of interest to quote the price per 
kilogram from the point of view of relativity :— 
Average (standard) casting, 9.39 francs; light, 
12.91; heavy, 6.76; extra light, 21.27, and extra 
heavy, 5.44 francs. 


Electro-Metallurgy 
DEVELOPMENTS IN AMERICA 


The growth and importance of electro-metal- 
lurgy were emphasised at the recent meeting 
of the American Electro-Chemical Society held 
in New York. It was pointed out during the 
session that electro-metallurgy had been ap- 
plied to and in many cases had cheapened the 
production of aluminium, magnesium, sodium, 
ealcium, ferro-chromium, silicon, etc. Metallic 
ores were now also being successfully smelted. 

There were now 1,000 electric furnaces in use 
in the United States and, according to a report 
in ‘‘ Steel,’? one steel company was operating 
six 5-ton, one 7-ton and two 15-ton furnaces. 

Dr. Brapiey Stovexton, delivering the Sixth 
Joseph W. Richards Lecture, pointed out that 
pig-iron may be produced with electric heat in 
competition with coke melting furnaces where 
coke was expensive and electric energy relatively 
cheap. Based on coke at $15 a ton and electric 
power at }-cent per kw.-hr., blast-furnace smelt- 
ing of pig-iron would cost $14.25 per ton com- 
pared with $12.17 for iron produced electrically. 
He figured 1,900 lbs. of coke for the former pro- 
cess. Reduction by the latter method would 
take 800 Ibs. of coke for chemical purposes only 
at a cost of $6 along with 1,850 kw.-hrs. of 
power at $6.17, or a total of $12.17. 

Discussing steel production in electric furnaces, 
the lecturer said there was a tendency to increase 
capacity of the high-frequency type from 1,000 
Ibs. to 4 to 8 tons. Eight-ton furnaces were 
the largest in operation but 15-ton jobs had 
been built. 

Both are and high-frequency induction furnaces 
were used in producing stainless steel. Arc- 
furnaces probably were about $1 a ton cheaper 
in cost of energy expended, but that introduced 
difficulties in oxidation of chromium which must 
be reduced again from the slag by means of 
silicon or aluminium, and by dangers in absorp- 
tion of hydrogen by the metal, especially if the 
chromium was not high or if silicon was present. 

The induction furnace usually oxidised costly 
alloving elements to a lesser extent. These in- 
cluded chromium, titanium, etc. This type of 
furnace also had a great advantage in controlled 
circulation of the bath. The speaker mentioned 
that for reclaiming stainless scrap, one large 
American company used a duplex process con- 
sisting of an are-furnace in combination with an 
induction furnace, not of the high-frequency 
type, but of low frequency with magnetic core. 
This avoided hydrogen absorption and ena)led 
stainless of low-carbon content to be made easily. 
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Recommended Practice for Sand-Cast 
High-Lead Bronzes 


A PRACTICAL AMERICAN REPORT 


This is the fourth in a series of recom- 
mended practices sponsored by the Non- 
Ferrous Division of the American Foundry- 
men’s Association, the first being issued in 
1934, the second in 1936 and the third in 
1938. Although the various practices which 
are treated are recommended by those con- 
sidered specialists in the various fields, these 
practices are not intended as specifications. 
The alloy numbers have no particular signi- 
ficance other than to differentiate alloys in 
this particular specification. Wherever pos- 
sible, those numbers are identified with exist- 
ing alloy specifications. The publishing of 
data relative to various alloys and treatment 
of such alloys by the American Foundrymen’s 
Association does not insure anyone using 
such data against liability for infringement 
of any patents that may now exist or are 
pending. It should also be understood that 
the publication of data concerning patented 
alloys or processes does not constitute a 
recommendation of any patent or proprietary 
rights that are involved. In preparing these 
recommendations, the Division has attempted 
to collect, through reliable sources, such in- 
formation as will be of practical use to 
foundrymen handling non-ferrous alloys. 
This Recommended Practice was originally 
presented at the annual business meeting of 
the Non-Ferrous Division at the Cleveland 
Convention in 1938 and was released for pub- 
lication at this year’s Cincinnati Convention. 


GENERAL RECOMMENDATIONS 


Moulding 


(a) Sands.—The high-lead alloys, particularly 
the alloy of 80 per cent. copper, 10 per cent. 
tin and 10 per cent. lead (No. A-42), with phos- 
phorus added, possess the property of penetrat- 
ing deeply into the sand unless materials are 
used as facings to prevent it. Satisfactory 
sands for these alloys are those falling within 
the A.F.A. classification 2E to 1F. Coarser 
sands are not recommended unless a suitable 
facing is used to prevent metal penetration. 

The above sands should provide the following 
physical characteristics :—Compressive strength, 
4 to 8 Ibs. per sq. in.; permeability (A.F.A.), 
5 to 25; clay content, 10 to 20 per cent.; and 
fineness number (A.F.A.), 150 to 230. Sands 
providing these characteristics will be found to 
give a smooth finish to the castings and are 
open enough to allow the escape of steam and 
gases from the mould when making small cast- 
ings. However, it will be found necessary to 
vent moulds freely for heavier castings. For 
extremely heavy castings or castings of intri- 
cate design, it is sometimes found advantage- 
ous to make dry-sand moulds. 

(b) Facing.—The facing recommended for 
hivh-lead alloys is the best grade of plumbago 
available. Cheap grades of plumbago are likely 
to cause more harm than good. 

c) Gating and Heading (see Fig. 1).—Gating 

i the high-lead alloys is of the simplest brass 

‘ bronze variety. For heavy castings, it is 

vund advantageous to make the sprue and gate 

core sand. This is to prevent washing of 

id from sprue or gate into the mould cavity. 
‘immer cores also may be employed to hold 
bck dross and prevent its entry into the mould. 
Cites should be cut so that they are smaller 


than the sprue to allow the sprue to be kept 
full during pouring. 

High-lead alloys have a long range of solidi- 
fication due to their complex composition and 
are not entirely solid until the freezing point 
of lead is reached (327 deg. C.). For this 
reason, apparent shrinkage of the casting is 
slight and what shrinkage there is, is distri- 
buted over a large area as an inter-crystalline 
shrinkage rather than as a single void in the 
casting. 

This happy property is taken advantage of by 
most high-lead bronze founders, and only the 
heavier castings are found to need risers. Cast- 
ings so made make excellent bearings as the 
openness of the metal creates cavities which 
greatly assist in maintaining an oil film on the 
bearing surface. However, these castings are 
made at a sacrifice of physical properties, and, 
should maximum physical properties be required 
in the casting, ample provisions for proper risers 


Top.—Ball Gate. Type of 
gate which will avoid 
shrinkage at the gate 
area. Relation of height 
A :B as 1:3 or 4. 


Centre. — Undesi-r- 
able Gating. To avoid 
shrinkage do not gate 
thus. This draws from 
the casting instead of 
feeding it. 


Bottom.—Blind Riser. To 
prevent shrinkage the 
area of the upper part of 
the riser must be larger 
than contact area at cast- 
ing. Vent must be large 
enough to release en- 
trapped gas. 


Fic. 1.—TsHree Mernops or Gating Hieu-Leap 
Bronze CastTINGS, HAVING AS THEIR Opject 
THE CONTROL OF SHRINKAGE, 


and gates should be made, and in general a 
lower pouring temperature should be used. Gates 
and risers should be adjusted so that the casting 
will solidify at a uniform rate in thin and heavy 
sections. Risers should have sufficient volume 
to remain liquid while the casting is solidifying. 
If cavities appear in the casting after the re- 
moval of the risers, then either the risers were 
too small or the metal in them was too cold 
and solidified before the casting. A small amount 
of }-in. graded charcoal placed on the top of 
the riser helps to prevent the air from cooling 
the riser too rapidly. 

High-lead alloys are hot-short and frequently 
cracks will occur in the cold castings at the 
intersection of light and heavy sections. This 
condition can be overcome by increasing the 
fillets at such junctions or by placing a riser 
on the heavy section and gating into the light 
section. 

In general it may be said that light castings 
do not require risers, while heavy castings need 
risers to prevent shrinkage cracks and depres- 
sions on the surface. This will usually apply 
to bearings. Other castings, particularly pres- 
sure castings, require more care in the placing 
of gates and risers to ensure maximum soundness. 


(d) Cores.—All cores should be well vented and 
covered with plumbago to prevent metal pene- 
tration. Any typical general-purpose core mix- 
ture providing the desired permeability and 
strength may be used. 


Melting and Pouring 

(a) Types of Melting Equipment.—All forms 
of melting equipment, including oil, gas or 
coke-fired crucible furnaces, electric furnaces, 
oil- or gas-fired, open-flame, stationary or rotary 
furnaces, and even cupola furnaces, can be suc- 
cessfully used to melt the high-lead bronze 
alloys. 

(b) Precautions.—Certain types of furnaces 
are more readily adapted to the production of 
metal free from absorbed gases and oxidation 
than others, Furnaces of this type are those in 
which the metal does not come in contact with 
the fuel or the products of combustion, such as 
in the crucible type of furnace. By placing a 
cover on the crucible or a flux on the metal, or 
both, little opportunity is given the metal to 
absorb gas or become oxidised. 

The colour of the flame in an open-flame fur- 
nace is the best guide to the condition being 
maintained in the melting furnace. For the 
most satisfactory results, the furnace atmosphere 
should be maintained as nearly neutral as pos- 
sible. A green flame denotes an oxidising atmo- 
sphere which will result in excessive oxidation 
of the metal. A flame that is too yellow or 
smoky indicates a reducing atmosphere and one 
which may result in gas absorption by the metal. 

Both solid and gaseous fuels are sometimes 
high in sulphur, and, to prevent contamination 
from this element, it may be found necessary 
to employ a slag covering for the metal. Ordi- 
nary bottle glass will serve very well. Refrac- 
tories should be of high quality and resistant 
to the corrosive action of the metals and their 
oxides. Preheating of air or fuel, or both, 
will give faster melting and less time and 
opportunity for the metal to become contami- 
nated during melting. 

(c) Fluxing and Deoxidising.—Soda ash, 
borax, glass, charcoal, phosphor-tin and phos- 
phor-copper are the fluxes most commonly re- 
commended for use with high-lead bronzes. Soda 
ash and borax are used to collect and make for 
more fluid slags. Since too fluid slags are diffi- 
cult to skim, these materials should be used 
carefully. Sand or glass is often added as a 
means of controlling the slag fluidity, and at 
the same time appears to reduce the attack of 
the soda ash and borax on crucibles and furnace 
linings. 

Although charcoal is so often recommended as 
protective flux during melting, there is 
always a danger of introducing gas into the 
metal, particularly if the charcoal is moist or 
only partly burned. A slag composed of soda 
ash, borax and sand or glass is therefore re- 
commended, the mixture to be that which best 
suits the conditions of the individual foundry. 

Phosphor-tin and principally phosphor-copper 
are used to deoxidise these bronzes. Metal de- 
oxidised with phosphor-copper will be found to 
be more fluid with the formation of little dross 
during pouring. It can be added in the ladle 
immediately before pouring or in the furnace 
charge, whichever experience shows to be best. 

Zinc is sometimes added to alloy A-42 to in- 
crease the fluidity and has moderate deoxidising 
powers. The amount of zine added is limited by 
the specification, in this case a maximum of 
0.5 per cent. being permitted. 

(d) Melting and Pouring Range.—In making 
these alloys from virgin metal, the copper should 
be melted first and then the lead added, fol- 
lowed by the tin and zine and finally phosphorus 
as phosphor-copper. If the phosphorus content 
is high, some is added after the lead and the 
remainder just before pouring. If mixed scrap 
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is used. heavy pieces are melted first and so 
form a bath for the smaller pieces or turnings. 

Melting of these high-lead bronze alloys actu- 
ally starts at 327 deg. C., the melting point of 
lead. No definite pouring temperature can be 
given for any one alloy, as this will depend on 
the nature of the mould and the size of the 
casting. The lowest practical pouring tem- 
perature is about 954 deg. C., although the 
average is about 1,093 deg. C. The following 
table indicates the permissible variations in the 
pouring temperatures of the various alloys 
under consideration :— 


Alloy. Pouring range. Deg. C. 

A4l. af 1,037 to 1,260 
A 42— 

P, 0 to 0-02 per cent 1,037 to 1,204 

P, 0-10 to 0-20 per cent 999 to 1,037 

P, 0-50 to 1-00 per cent. 954 to 1,004 
A43.. ar 1,010 to 1,204 
A 44 = 1,010 to 1,204 


Temperature measurements are best made with 
a pyrometer with a suitable scale calibration to 
cover the range of temperatures employed. 
Such an instrument may be equipped with either 
an open or closed end thermocouple, the latter 
either with or without a protective tip, depend- 
ing on the preference of the operator. When 
using an unprotected-tip couple, care must be 
exercised to prevent bridging of the wires with 
a metal or oxide film. By immersing the wires 
to a depth of 4 to 6 in. until they have reached 
the metal temperature and then withdrawing 
them quickly until the tips remain just under 
the surface, reading the instrument at this time 
will help to eliminate errors due to this condi- 
tion. For this reason, modern protected-tip 
couples are finding increasing favour for use 
with brass and bronze. 


Finishing 

High-lead bronze castings may be fettled in 
much the same way as other non-ferrous castings. 
Gates and risers are preferably removed with 
a metal band-saw. Breaking these off while the 
metal is still in the hot-short state is also prac- 
tised, although this procedure requires consider- 
able care to produce a fracture that is not too 
close to the casting. When gates and risers are 
inaccessible or are too large for sawing, they 
can be readily removed by chipping. 

Cleaning may be accomplished by tumbling and 
by blasting. The latter method is particularly 
satisfactory, using steel grit as the blasting 
material. Such final cleaning as may be neces- 
sary can be done with the usual chisels, files, 
and grinding and polishing wheels provided for 
this purpose. 

Heat-Treatment 

Heat-treatment has little effect on the physical 
or mechanical characteristics of these alloys and, 
therefore, is not used commercially. 

DEFECTS, THEIR CAUSE AND PREVENTION 
Melting Defects 

Gas inclusions in castings may be due to the 
absorption during melting of reducing gases 
which are released on solidification of the metal. 
Such inclusions are revealed as bright, round 
holes on machined or fractured faces. Preven- 
tion: Maintain as nearly a neutral atmosphere 
as possible in the furnace during melting. 
Fuels high in sulphur sometimes cause gas holes. 

Dross inclusions, which may be due to oxidised 
metal, are revealed on machined or chipped sur- 
faces as greenish areas or in fractures as red 
to dark brown inclusions. Prevention: Melt 
under a neutral atmosphere or, if metal is known 
to have been oxidised, flux with phosphor- 
copper, the amount depending on the degree of 
oxidation. Molten oxidised metal is easily dis- 
tinguished by its tendency to dross heavily on 
the surface. It appears colder than unoxidised 


metal when at the same temperature and pours 
with less fluidity and considerable dross forming 
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on the sprue head. Dendritic fractures are some- 
times caused by oxidised metal. A ring of holes 
at about -in. depth found against a dried sand 
surfa¢e has been known to have been caused 
by oxidised metal rather than by excess moisture. 
Discoloured fractures are frequently due to the 
intercrystalline shrinkage which permits the 
access of oxidising gases, thus turning the crys- 
ta] surfaces various colours. 


Pouring Defects 

Misrun or mould cavity incompletely filled 
denotes too low a pouring temperature for the 
design of casting and its gating methods. Pre- 
vention: Pour at a higher temperature. 

Cold-shut or apparently cracked castings, which 
on fracture reveal an area or line along which 
the metal has failed to join, can be caused by 
too low a pouring temperature, pouring too 
slowly or a stop in the pouring. Prevention is 
indicated by the causes. 

Sand wash, fins, excessive burning-in and cast- 
ings generally hard to clean may be defects 
caused by pouring at too high a temperature. 
Prevention is to pour at the best determined 
temperature. 

Dross and dirt inclusions may be caused by 
careless pouring, skimming, or lack of deoxida- 
tion as well as other causes. (See also dross in- 
clusions under ‘ Melting Defects.’’) Prevention 
is to pour steadily, skim thoroughly and pour 
as close to the sprue head as possible. 


Moulding Sand Defects 
Shift caused by cope and drag flasks not 
matching. Prevention: Keep flasks and pins in 
good condition. 


Radius notless 
Note :-The Gouge Length, thang. 
Parallel Section, and 
Fillets shall beas 
Shown, but the Ends 


may be of any Shape 
to fit the Holders of 
the Testing Machine Gouge Length 

in suchaWey that the for Elongation 


load shall be ~ after Freeture 


Fig. 2.—DIMENSIONS OF MACHINED SPECIMENS. 

Crush caused by a drop of an area of the 
mould surface into the mould cavity on closing 
the mould or in placing of weights on the mould. 
Prevention: Close moulds more carefully and 
investigate sand conditions and condition of 
bottom boards and flasks. 

Variation in wall thickness may be caused by 
shift of flasks or careless moulding. Prevention: 
More careful moulding. 

Sand wash is a result of soft ramming, weak 
or wet sand. Prevention: Ram harder, use a 
facing and investigate sand conditions. 

Sand blow may be caused by wet sand, sand 
too close, or improperly vented mould. Preven- 
tion: Maintain the sand at a proper moisture 
content; use a more open sand or vent more 
freely. 

Core blows are generally caused by damp cores 
or badly vented cores. Prevention: Dry cores 
thoroughly and vent more freely. 

Scabs result from uneven ramming or from 
loose sand in the mould. Prevention: Ram 
evenly and thoroughly clean the mould. 

Burning into sand is often caused by soft 
ramming or by use of sand too coarse and open. 
Prevention: Suitable ramming; use of a correct 
grade of sand, or both. 

Burning into cores is caused by wrong core 
mixture or core too open. Prevention: Use 
correct core mixture and blacken cores. 

Shrinkage cracks or cavities may be caused by 
misplacing of gates and risers or the use of 
risers that are too small. Prevention: Study 
the nature of the castings as to wall thickness 
and filleting, and then decide the best possible 
manner of gating and heading. 


Dumping Defects 
Lead sweat is caused occasionally by removing 
castings from the sand at too high a tempera- 
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ture. Lead sweat of this nature will not usua!ly 
cause serious casting defects. Preventiv.\: 
Allow the casting to cool to a lower temperat: ¢ 
before removing from the sand. Lead is liquid 
in the casting until it reaches a temperature 
below 327 deg. C. 

Cracked or broken castings are often caused 
by careless handling when castings are removed 
from the sand while in the hot-short conditi 
Prevention: Exercise more care when removiig 
castings from sand and allow them to cool longer 
in the mould before removal. 


mn. 
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Cleaning Defects 


All cleaning defects are caused by careless 
handling of the cleaning equipment, fracturing 
gates and risers into the casting itself or from 
insufficient knowledge of the size and shape of 
the casting. 


Defects Caused by Impurities in Metal 


Phosphorus, in addition to being beneficial as 
a deoxidiser and densifier of bronze, may be a 
harmful impurity unless its presence is known. 
It causes excessive shrinkage, burning into sand, 
and fusion of the sand to the surface of the 
castings, making them difficult to clean and 
machine. As low as 0.03 per cent. phosphorus 
in the alloy A-43 will cause excessive burning into 
sand and excessive shrinkage when the castings 
are poured at normal temperatures. 

Silicon may be classed as the most harmful of 
impurities in high-lead bronze. Its presence may 
sometimes be detected easily in the molten metal 
due to dark patches of dross continually rising 
to the surface. When a casting is being poured, 
a swirling of light white material occurs in the 
sprue. When the castings are removed from 
the sand, they have the appearance of having 
been whitewashed. The surface will be very 
rough, coated with a white siliceous material 
and accompanied by much lead sweat. The 
fracture of a leaded bronze containing silicon is 
golden to red brown in colour, dendritic and 
usually with a separation of the metal along 
the length of the casting. The openness of the 
metal allows the lead to sweat freely. Even 
traces of silicon should be avoided. 

Aluminium is almost as harmful as silicon. 
Its presence may be detected in the molten 
metal by the strength of the oxide film which 
forms on the surface of the metal. The resul- 
tant castings will be silvery white in appear- 
ance and appear to be worm-eaten with the 
characteristic dross of aluminium _ bronzes. 
Aluminium leads to a similar structure to that 
of silicon, which will be dendritic, causing the 
lead to sweat from the casting. Even traces of 
aluminium should be avoided. 

Antimony causes no outward defects, but 
tends to a dendritic fracture, and should not be 
allowed in bronze in amounts in excess of 0.75 
per cent. It has the property of increasing the 
resistance to pounding of the bronze, but its 
resistance to impact is decreased. If added in 
excessive amounts, antimony will make the 
bronze brittle. It is preferable to keep this 
element as low as possible. 

Tron, if present in large amounts, causes hard 
spots, thus making the castings difficult to 
machine. It may be found both in solution or 
in the free state and solution. It is known to 
cause excessive internal shrinkage and dis- 
colours the alloy fracture yellow red to brown. 

Sulphur should be kept to a minimum, as it 
causes pinholed or gassed castings. Fuels are 
the usual source of contamination with this 
element. Contamination should be guarded 
against by the use of a flux or covering for 
the metal during melting. It is best to specify 
a low sulphur content when purchasing fuel 
for melting purposes. The determination of 
sulphur in bronze is a very simple matter, the 
usual evolution method as for steel giving suff- 
ciently accurate results. 
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For Quality 
Castings 


In locomotive castings such as 
that shown below, Stanton - Dale 
Refined Iron was used. Dale Iron 
was chosen for all the ten Coronation 
class engines and can be confidently 
used in the manufacture of all high 
duty castings to rigid and narrow 
specifications. 


The pee Scot (L.M.S. Photo) 


REFINED PIG IRON 


Produced under the most rigid chemical control, 
Stanton-Dale is a refined iron of dense, close-grained 
structure, with a total carbon of 2°6 to 2°9 per cent. 


Phosphorus 


as 
J 


The use of “Dale” iron will give a tensile strength 
of 16-18 tons per square inch, and it is in wide de- 
mand for the production of motor car cylinder blocks, 
locomotive cylinders, hydraulic and pressure work—in 
fact for all high duty requirements. 


Any analysis can be supplied to meet individual 
In addition to the above standard grades, this iron can be i requirements. 
to individual specification. 


The Stanton Ironworks Company Limited, Near Nottingham 


The largest producers in Great Britain of foundry pig iron for the free market 
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PROPERTIES AND APPLICATIONS 
The chemical control limits for sand-cast high- 
lead bronzes are given in Table I. The com- 
positions therein apply to the alloys in ingot 
form. 


TaBLE I.—Chemical Control Limits (per cent.) for Sand- 
Cast High-Lead Bronze Castings. 


A.F.A. Alloy No A4l. | A 42. ; A 43. | A 44. 
Copper Minimum | 84 79 72 70 
Desired | 85 80 73 70°5 
Tin Minimum | 4:25} 9 vi 5-25 
Desired 5-00 | 10 8 6 
Maximum 5-75 | 11 9 6°75 
Lead Minimum 8 9 13-5 18 
Desired 9 10 15 20 
Maximum | 10 ll 16-5 | 22 
Zine Minimum | — 1 0-5 
Desired 1 1-5 1 
Maximum 2 0-50 2 1-5 
Phos. Minimum 0-05 — 
Desired — — 
Maximum 0-01 1-00 0-05 0-05 
Antimony Maximum | 0-25 | 0-50/| 1-00) 
Iron Maximum | 0-25 0:25 | 0-25 | 0-25 
Nickel Maximum | 0°50 0-25 | 0-50) 0-50 
Sulphur Maximum | 0-08 0-08 | 0-08 | 0-08 
Aluminium 
Maximum 0-005; 0-005) 0-005) 0-005 
Silicon Maximum 0-03 0-03 0-03 0-03 
Other than copper, 
tin, lead, zinc, anti- 
mony, and _ nickel 
—per cent. 0-50 | 0-50} 0-50! 0-50 


TaBLE II.—T'ypical Physical Properties of Sand-Cast 
High-Lead Bronzes." 


FA. A 44, 


A.F.A, Alloy A 4l. A 42. A 43. 

Ultimate tensile | 11-1 to | 12-1 to | 11-1 to | 9-8 to 
strength,? tons | 15-2 14-7 13-4 12-0 
per sq. in. 

Proportional 7,000 to | 9,500 to | 6,000 to | 5,000 to 
limit in ten- | 9,000 | 11,500 | 9,000 8,000 
sion,” Ibs. per 
sq. in. 

Yield strength in | 6-2 to | 8-2to | 6-2to | 5-8 to 
tension,” tons 6-7 9-9 7-6 
per sq. in. 

Elongation in | 15 to 25] 7 to 12 | 11 to 20) 10 to 16 
2in.2?—per 
cent. 

Reduction in | 12to20| 8to 13 | ll to 15) 9tol4 
area?— per 
cent. 

Modulus of elas- 8,500,000/8,800,000 — 
ticity, lbs. per 
sq. in. 

Brinell hardness | 45 to 60 | 50 to 70 | 45 to 65 | 40 to 55 
No. (500 kgs. 
load — 10-mm. 
ball) 

Patternmaker’s rh th th 
shrinkage, in. | 
per ft. 

Specific gravity...) 8°7 8-9 9-4 9-6 

Weight—lbs. per | 0-314 | 0-322 | 0-335 | 0-337 
cub, in, 

Izod impact re- 2to4 | 4to5 
sistance, ft.-lb.* 


1 Mechanical properties based on specimens machined 
from test castings and not to be used for specification. 
2 Tensile specimens machined to provide standard 
}-in. dia. by 2-in. gauge section. (See Fig. 2.) 
3 Impact specimens machined to standard Izod canti- 
lever dimensions, 10 mm. by 10 mm. with 45-deg. 
V-notch. 


The mechanical properties listed in Table II 
are based on machined specimens cut from the 
test castings. The castings were made in dry- 
sand moulds without facing or blackening. The 
pattern was equipped with permanent gates to 
eliminate variations due to hand cutting. The 
pouring temperature in the case of alloys A41, 
A43 and A44 was 1,037 deg. C. The pouring 
temperature of test blocks in alloy A42 varied 
with the phosphorus content, from 1,037 deg. C. 
in the case of a melt where phosphorus was 
added only as deoxidiser, therefore 
present in the minimum amount permissible, to 


(Continued at foot of column 3.) 


FOUNDRY TRADE JOURNAL 


OctoBer 19, 1939 


Action of Molten Zinc Alloys on 


Pressure Die-casting Equipment’ 
By E. A. ANDERSON, GERALD EDMUNDS AND C. W. SILLER 


In the pressure die-casting of zinc alloys it is 
customary to force the molten alloy under high 
pressure into a permanent steel die by means 
of a plunger moving in a bushing that has a 
clearance on the diameter of the order of 0.002 in. 
Successful operation of the plunger type of 
machine requires the presence in the zine alloy 
of certain percentages of aluminium. Without 
these aluminium additions, the normal reaction 
of molten zine on ferrous materials causes stick- 
ing of the plunger and a complete shutdown of 
the equipment. 

All of the zine alloys used for pressure die- 
casting to-day contain approximately 4 per cent. 
of aluminium, which is more than sufficient to 
make plunger operation feasible. 

The clearance between the plunger and _ its 
bushing is an important matter. As the space 
becomes larger, there is a loss in effective metal 
pressure. Ordinary grey cast iron served fairly 
well and is still used in some machines. How- 
ever, the rate at which the plunger clearance 
increases with this material is considered by 
many to be far too great. There is, therefore, 
a serious interest in finding new materials more 
capable of retaining the desired clearance during 
long periods of use. To-day many die-casters are 
using special materials for plungers and bushings 
selected by the somewhat expensive and time- 
consuming test of actual experience. 

An analysis of the problem reveals two possible 
end points of plunger operation: (1) The build- 
ing up of zinc-alloy plunger-material reaction 
products in sufficient bulk to cause sticking and 
(2) rapid solution, wear or erosion, all of which 
will increase the clearance to an_ undesirable 
extent. If neither of these takes place, the 
plunger will operate for a long time, of course. 

The authors have developed a laboratory ap- 
paratus in which the action of a plunger moving 
in a bushing immersed in molten zine alloy could 
be simulated closely. Such a machine made pos- 
sible a more rapid and less expensive survey of 
the available construction materials and an 
analysis of the specific alloying reactions taking 
place in the clearance area. 


Experimental Results 

While the work is still in its preliminary stages, 
tests have been completed in duplicate using 
three different zine er zine-alloy baths and the 
following materials as bushings and plungers: 
(1) Grey cast iron, from three different foun- 
dries; (2) nickel cast iron (1.2 per cent. Ni); 
(3) cast stainless steel (18 Cr, 8 Ni, with less 
than 0.15 per cent. by specification) ; 
(4) wrought ingot iron; (5) nitrided Nitri-cast 
iron. All bushings and plungers in a given ex- 
periment were made of the same material and 
all test surfaces were machined. The zine baths 
were, respectively: (1) Pure unalloyed zinc held 
at 450 deg. C.; (2) zine containing 0.25 per 
cent. aluminium at 450 deg. C.; and (3) zine 
containing 4.0 per cent. Al at 420 deg. C. 

In each test the end point was the sticking 
of the plunger or the uninterrupted completion 
of about 11,500 cycles of operation (96 hr. of 
test). In some cases, after a test was com- 
pleted, the solidified zine or zine alloy was etched 
with hydrochloric acid from the plunger, to per- 
mit visual determination of the extent of attack 
on it. Portions of the parts were compared in 
the form of microspecimens in order to study 
the nature of the attack. 

The results revealed a number of interesting 


* Extracted from a Paper presented to the American Institute 
of Mining and Metallurgical Engineers (Institute of Metals 
Division). 


factors. For example, none of the ferrous meti.s 
tested except nitrided Nitri-cast iron made even 
limited operation possible in unalloyed pure zinc, 
whereas all except wrought ingot iron could be 
operated throughout the entire test period in the 
4 per cent. Al, 96 per cent. Zn alloy. The cast 
stainless steel and nitrided Nitri-cast iron were 
outstandingly good in the tests in the 0.25 per 
cent. Al alloy. 


Patent Specifications Accepted 


510,369. Grupert, W. V. Treatment of molten 
metals and alloys. 

510,386. Premetrzrieper, G. Centrifuging of molten 
material before casting. 

510,387. Sprezvocet, E. Cast-iron sectional radia- 
tors. 

510,462. Cory, A. M., and SrepHenson & Company 
(Lonpon), Limirep, J. Application of a deter- 
gent and/or anti-corrosive compound to steel 
wool. 

510,488. Remy, Van Der Zypen, & Company. 
Metal strip for the manufacture of folded liquid- 
tight containers. 

510,527. THyssen-Hurre Axt.-Ges., A. Method of 
desulphurising and refining iron. 

510,617. Putz, P., and Hmcer, A. High-speed 
steel. 

510,628. Stewarts Luoyps, and 
McLay, G. S. Method of and apparatus for 
the manufacture of metal tubes and other tubular 
articles. 

510,648. Sessions, F. L. Method of and apparatus 
for electrical resistance welding of a longitudinal 
seam in tubing. 

510,650. Buprerus’scHe Ers—eNweRKE. Method of 
and apparatus for making cylindrical flanged 
metal tubes. 

510,676. Wotsetey Motors, LimiTep, and GovLp, 
G. Tools or appliances for rolling screw-threads. 

510,677. Trices, W. W. (Akt.-Ges. Brown, Boveri, 
& Cie). Metal air-heaters for blast furnaces. 

510,680. Bupp Manuracturrnc Company, E. G. 
Passivation of stainless steel. 

510,733. LaBpercere, J. L. A., and Bronrma J. 
Pickling siderurgical products. 

510,734. Demac Axt.-Ges. Cooling beds. 


510,757. MEEHANITE CoRPORATION, and 
Smatitey, O. Manufacture of cast iron. 
Recommended Practice for Sand-Cast 
High-Lead Bronzes 
(Continued from column 1.) 
955 deg. C., with 1 per cent. phosphorus 
present. 


Field of Use 


The high-lead alloys provide excellent anti- 
frictional qualities. As a result of these 
superior properties, they have replaced the pure 
tin-bronzes for many bearing applications where 
lubrication is not of the first order and climatic 
conditions are severe, such as in railway bear- 
ings. The high-lead alloys also are used suc- 
cessfully for acid-resisting castings in the min- 
ing and paper industries. 

Alloy A41 is used principally for small bear- 
ings, such as automotive bearings and_ bush- 
ing, particularly those to be machined by 
broaching. Alloy A42 is used for heavy pres- 
sure castings which are to be finished by 
methods other than broaching. Alloy <A43 is 
used as a_ general-utility bearing bronze, for 
acid-resisting castings and locomotive wearing 
parts. Alloy A44 is used principally for journl 
bearings and bearings operated at high speeds 
and moderate pressures. 
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ANNOUNCEMENT 


Addresses of I.C.I. 
Divisional Sales Offices 


Imperial Chemical Industries Limited announce the following 
amended list of addresses and telephone numbers of their 
Divisional Sales Offices. Those marked with a star are the 
actual changes, the others are remaining as heretotore. 


WESTERN DIVISION, 
Chance & Hunt Social Club, Dog Kennel Lane, Birmingham. 
Telephone : Broadwell 1531 


%* SOUTH-EASTERN DIVISION, 
Belmont, The Ridgeway, Mill Hill, N.W.7. Telephone : Mill Hill 3600 


NORTH-WESTERN DIVISION, 
The Ridge, Alderley Edge, Manchester. Telephone: Alderley Edge 2231 


NORTHERN DIVISION, 
5 St. Leonard’s Place, York. Telephone : York 2155 


SOUTH-WESTERN DIVISION, 
Eagle House, Colston Avenue, Bristol, 1. Telephone : Bristol 20051/5 


SCOTTISH DIVISION, 
4 Blythswood Square, Glasgow, C.2. Telephone : Douglas 7020 


NORTHERN IRELAND, 
Imperial House, Donegall Square East, Belf-st. 1 esephone : 24433/7 


EIRE, 
12 Dawson Street, Dublin, C.8. Telephone : 76576/8 


THIS IS AN ANNOUNCEMENT BY IMPERIAL CHEMICAL INDUSTRIES LIMITED 


C.N.890 
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Trade: Talk 


Tue U.S. Sree, Corporation is to erect subsidiary 
plant in Brazil at a cost of $30,000,000. 

Tue KeIGHLEY AssociaATION oF ENGINEERS are 
holding informal meetings on Friday evenings from 
8 pim. to 10 p.m., at their headquarters at Arcade 
Chambers, North Street, Keighley. 

OVER ONE HUNDRED members of the Lancashire 
Branch of the Institute of British Foundrymen 
attended the opening meeting of the session, presided 
over by Mr. A. L. Key, and address by Mr. 8. E. 
Dawson, of Stanton. 

THe accounts for the year ended June 30 of the 
Dunswart Jron & Steel Works, Limited, of South 
Africa, show a net profit of £33,317, against £37,027 
for 1937-38. A final dividend of 4 per cent. is to 
be paid on the ordinary shares, making 10 per cent. 
for the year, against 14 per cent. 

AMONG ORDERS reported by the Grinding, Screen- 
ing and Filtering Division of International Com- 
bustion, Limited, are a ‘‘ Lopulco”’ mill complete, 
for coal ; a five-roller ‘‘ Raymond ’’ mill for grinding 
barytes ; two ‘‘ Impax” pulverisers, each with 
whizzer separator, to grind coal; a ‘‘ Rovac’”’ Filter 
complete with vacuum tank and moisture trap, for 
coal slurry clarification, and a ‘‘ Hum-mer”’ screen 
for coal. 

Lorp RIVERDALE, a leading figure in the Sheffield 
steel trade, is, with a svecially selected technical 
staff, heading a mission from this country already 
on its way to Canada to meet corresponding missions 
from Australia and New Zealand. These missions 
will discuss with the Canadian authorities all further 
steps which are to be taken for the rapid execution 
of a plan to concentrate in Canada the advanced 
training of airmen for the fighting Forces. 

West or ScoTtanp ASSOCIATION OF FOREMEN 
ENGINEERS opened their 44th session last Saturday, 
when Mr. W. S. Rodger, tool-room foreman of 
J. G. Kincaid & Company, Greenock, gave his 
presidential address. Mr. Rodger’s address was 
augmented by films portraying the various steel 
manufacturing processes carried out in the Sheffield 
works of Thomas Firth & John Brown, Limited. 
Mr. Thomas M’Guire, who for 31 years has been 
on the association’s executive committee and is now 
in his 21st year as secretary, was recently presented 
with a wallet of Treasury notes by the honorary 
life-members in appreciation of his years of service 
to the Glasgow society. 

CONGRATULATIONS are due to West Riding of 
Yorkshire Branch of the Institute of British 
Foundrymen, the Council of which has planned to 
carry out a full winter session’s activities as usual, 
in spite of wartime difficulties as to travel, securing 
lecturers from a distance, and the obvious extra 
demand on many members in responsibility at their 
respective works. The travel difficulty so far as 
concerns the members themselves is overcome by 
having Saturday afternoon meetings instead of even- 
ing, whilst black-out conditions obtain. The 
problem of lectures and Papers has been overcome 
by utilising the knowledge and experience of the 
Branch’s own members, and a couple of meetings 
for open discussion of general foundry problems 
within members’ experience. 

Sir Duncan Witson, H.M. Chief Inspector of 
Factories, has sent a message to the National 
“Safety First ’’ Association welcoming its decision 
to maintain its industrial accident prevention work 
during wartime. ‘‘ The adverse effect of industrial 
accidents on national efficiency is probably even 
more pronounced in wartime than in peace. For 
war purposes the nation’s ability to produce goods 
and a fighting force denends ultimately on the sum 
total of people who can be mobilised to work and 
fight,”’ he states. ‘‘ During wartime there will be 
many new factors all tending to increase the 
chances of factory accidents. There is the dilution 
of jskilled labour by unskilled. Even more potent 
is the invasion of industry by adult workers who 
are not only unskilled, but are totally unused to 
factory conditions. There are longer hours of work 
and intensified production; there is probably a 
greater amount of monotonous work. In the early 
days there will also be a certain amount of dis- 


organisation and reorganisation due to changeover 


of ‘personnel and plant to meet new conditions. All 
these things have an adverse effect on the accident 
problem.”’ 
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The Week's News in Brief 


Personal 


THE FOLLOWING MEMBERS of the Institution of 
British Foundrymen are- now serving with His 
Majesty’s Forces :—Mr. John Cameron, Junr.; Mr. 
John Hird; Mr. R. D. Laurie; Mr. T. Shanks, Mr. 
G. W. Daglish, and Mr. J. Bolton. 

Mr. Pierre CHEVENARD, the well-known French 
metallurgist, has been advanced to the grade of 
Officer of the Legion of Honour. Other recipients 
of this decoration are Mr. Jean Derdinger and Mr. 
H. Magdelenat; Mr: Roger R. Meyer is now. a 
Chevalier of the Order. 

Mr. WILLIAM BROTHERSTON, an 83-year-old Glas- 
gow engineer, has just been awarded a certificate 
of merit. by the A.E.U. for ‘ faithful ‘service in 
the occupancy of various branch offices extending 
over 50 years.’’ He served 53 years with Fairfield 
Shipbuilding & Engineering Company, Limited, 
Govan, and was associated with the building of 


famous battleships and _ record-breaking Atlantic 
liners. 

FOLLOWING decisions taken at a recent board 
meeting of the Phosphor Bronze Company, 
Limited, Birmingham and London, the constitu- 
tion of the Board is now:—Mr. E. J. 
Hardy (chairman); Mr. J. L. Hardy (joint 
managing director); Mr. W. Smithson (joint 


managing director and sales manager); Mr. G. T. 
Hyslop (director, production manager and sole pur- 
chasing agent); Mr. E. H. Powis; Mr. W. E. 
Sparrow, and Mr. F. R. Wix. The following 
appointments were also made :—Mr. S. B. Michael, 
London and export sales manager, and Mr. C. V. 
McNeil, Birmingham works sales manager. 
Will 


Le Personne, L. A. G., governing director 


of L. Le Personne & Company, 
Limited, metal brokers, and chair- 
man of _ the 


Power Plant Com- 


pany, Limited £194,430 


Obituary 


Dr. J. H. T. Tupspery, hon. secretary and 
formerly secretary of the Institution of Civil Engi- 
neers, died recently, aged 80. 

Mr. BenJAMIN IRviNG, former managing director 
of Sir W. G. Armstrong Whitworth & Company, 
Limited, has died at Glasgow. He was a director 
of the Standard Pulverised Fuel Company, Limited, 
and Worthington-Simpson, Limited. 

Mr. Perer BLACKHALL, who died suddenly in 
Edinburgh last week, served for 27 years with 
Alder & Mackay, Limited, gas meter manufacturers 
and brass founders, Edinburgh, and as Scottish 
representative of the firm, was well known in the 
gas industry throughout the country. 

Mr. JoHN Brown, founder of J. & H. Brown, 
engineers, 22, Lincoln Road, Peterborough, has died 
at his home, 11, Thorpe Road, Peterborough, aged 
77, after being in poor health for some three years. 
Mr. Brown’s two nephews are now carrying on 
the business, and all seven of his sons are also 
connected with the engineering industry. 

Sirk THomas RowsorHam, chairman of T. Row- 
botham & Company, Limited, colliery engineers and 
brassfounders, etc., died at Bramhall, Stockport, 
on October 8, aged 88. Early in his business career 
he became a traveller in colliery requisites and 
eventually he opened an engineering works for 
their production. For 27 years he was a member 
of Stockport Town Council, and from 1916 to 1918 
he was Mayor. He was knighted in 1921. 

CotoneL J. G. NEEDHAM, of Manchester, died 
recently at the age of 63. He was a well-known 
figure on the Manchester Royal Exchange and on 
the Birmingham Exchange. He was a governing 
director of John Needham & Sons (Manchester), 
Limited, iron and steel merchants, and a member 
of the Iron and Steel Institute and the Institute 
of Metals. Apart from his business, Colonel Need- 
ham’s main interest was the Territorial Army. 
When war broke out in 1914 he was in command 
of the 42nd (East Lancs) Divisional Train, R.A.S.C. 
He was mentioned four times in despatches and was 
awarded the D.S.0O. and the O.B.E. Colonel 
Needham did a great deal of work after the 1914-18 
war to promote the success and well-being of the 
Tefritorial Army in the Manchester area. 
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New Companies 

(From the Register compiled by Jordan & § 
Limited, Company Beqemanen Agents, 116 to 
Chancery Lane, London, W.C.2.) 

Templegate Foundries, Limited, 71, Term |e 
Street, Wolverhampton—Capital £300. Br: ss, 
bronze and iron founders, etc. Directors: R. F, 
Hill and G, Rawlings. 

J. H. Riley & Company (Bury), Limited, E):on 
Iron Works, Bury, Lancs—Capital £5,000. lion. 
founders, mechanical éngineers, etc. Directors: 0. 
Ashworth and J. H. Higham. 

Thos. Price (C. H.), Limited, Eagle Works, Me e- 
dith Street, Cradley Heath, Staffs—Capital £2.00. 
Manufacturers of metal goods, machinery, macl) 
tools, etc. Directors: R. and L. Hadley. 

Thomas Wareing & Company, Limited, Grecian 
Emery Works, Oldham Road, Rochdale—Capital 
£3,000. Manufacturers of grinding and abrasive 
materials, etc. Directors: T. and D. M. A. Ware- 
ing. 

A. Marshall Hunt (Bristol), Limited, 3 and 5, Rose- 
mary Street, Bristol, 2—Capital £4,500. Engineers 


and iron and metal founders. Directors: A. H. 
and C. C. Evans. Bee 
Stonehouse Works (Norman Tailby), Limited, 


Stonehouse Works, Houghton Street, West Brom- 


wich—Capital £50,000. Iron, steel and non-ferrous 
metal makers, rollers, founders, ete. Directors: 
N. Tailby and A. J. Hulme. 


The Properties of Grey Cast Iron 
(Continued from page 268.) 

usually desirable owing to the risk of casting 

stresses. Centre running should be avoided. The 

specification stipulates that test-hars should be 

run in green or dry sand according to the nature 

of the sand used for the castings represented. 

When using test-bars for routine control, con- 
ditions should be standardised as far as possible, 
and, subject to this, no definite rules need be 
laid down. The figure of 3 to 4 inches of sand 
round the bar, in a dry-sand mould, as given by 
Mr. Roxburgh, appears to be adequate. 

If more than one test-bar is run in a box, it 
is desirable that they should be run_ simul- 
taneously, with a controlled runner size so that 
they may fill at the same rate. This is particu- 
larly important when different-sized hars are run 
in the same box. 

With reference to pouring temperature, the 
Sub-Committee agree with Mr. Gould that the 
bars should be run quickly and at as high a tem- 
perature as possible, but this only applies to 
foundries making the normal grades of cast iron. 
When iron is deliberately superheated in a special 
furnace, it is not always desirable to cast at 
the optimum temperature. In such cases the best 
pouring temperature should be ascertained and 
test-bars poured at that temperature under pyro- 
metric control. 

Cast-On Test-Bars 

It is pointed out that Clause 5 in the speci- 
fication states that cast-on test-bars ‘‘ may be 
specified where the design of the casting and 
method of running permit.’’ Thus, in cases 
presenting difficulties, bars may be run 
separately. The remarks of Mr. Pearce empha- 
sise this point. 

The Sub-Committee agree that separately-cast 
test-bars are desirable and more reliable, but 
recognise that the demands of inspectors for cast- 
on bars should be met where reasonably possible. 
Where test-bars are cast-on, particular care 
should be taken in placing the bars to see that 
they are not unduly influenced by the heat trans- 
ferred from the casting, and that they are filled 
reasonably quickly with metal at a reasonably 
high temperature. Vertical running is usually 
desirable, but may be harmful if the bars fill very 
slowly in consequence. 


Forthcoming Event 
Institute of British Foundrymen 
NOVEMBER 4. 
Wales and Monmouth Branch :—Members’ discussion, 


opened by F. G. Jackson, at. University College New: 
port Road, Cardiff, at 3 p.m. 
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| The ideal 
3 cupola lining and 
GLENDOLINE 


Glendoline is a carefully prepared 
plastic refractory, | comprising 


* ganister stone from a selected bed 
ao of the famous Sheffield quality, 
blended with a special clay. 


The mixing and grading of Glendoline 
is controlled to a definite fonnula, 
— ensuring dependable and uniform 


EXTREMELY PLASTIC 
+ HIGHLY REFRACTORY 


the positions where Glendoline is 
recommended for lining and patching. | 


Please write for full information and descriptive leaflet to :— 


GENERAL REFRACTORIES Ltd. 


: Tele 
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Raw Material Markets 


The prices for iron and steel for delivery after 
the end of October have not yet been announced. 
In the circumstances now prevailing consumers and 
producers expect that higher prices will be intro- 
duced. In view of the expansion in the demand for 
pig-iron the Treasury has cancelled the duty of 334 
per cent. on imported pig-iron and placed it on 
the free list. Foundries in many districts are now 
better placed for work, and the call for supplies of 
foundry iron has improved, although there are still 
many consumers who are not fully employed. 


Pig-lron 


MIDDLESBROUGH—Stocks of Cleveland foundry 
iron are more than sufficient to meet the demand 
and makers continue to be actively employed in 
the production of other descriptions of iron which 
are largely required by local steelworks. There are 
reports of better activity at many foundries, but 
the position, on the whole, is still rather quiet. 
Production of Cleveland foundry has been stopped 
for a considerable time past, most users being able 
to satisfy their requirements of iron from other 
districts, notably the Midlands. Other grades of 
iron continue to be called for in increasing tonnages. 
Hematite, especially, is required on a large scale, 
and the current output from local furnaces is not 
adequate, notwithstanding the fact that makers 
have increased the production of the nine furnaces 
at present producing East Coast material. It is 
expected that there will be further expansion of 
outputs in the near future. Cunrent contracts are 
being liquidated, but there is little disposition to 
enter into new business until the price situation has 
been clarified. 

LANCASHIRE—Apart from the demands of the 
firms engaged on work of national importance, there 
is a steady call for deliveries of iron from ordinary 
commercial users. In many cases supplies are re- 
quired by firms now engaged on contracts which 
have been sub-let by concerns on Government. lists. 
Jobbing foundries are now, in many instances, busy 
producing machine-tool castings, while light-castings 
foundries. and textile machinists are in need of 
substantial tonnages of iron. Heavy electrical con- 
cerns and machine-tool makers are busier than they 
were before the outbreak of war. Local consumers 
of West Coast hematite are active. 

MIDLANDS—With prices fully under control, 
little significance is attached to the quarterly meet- 
ings of the Birmingham Exchange. and the attend- 
ance last week was small. In any case, business 
is quiet pending the fixing of prices for deliveries 
after October 31. The Control authorities are 
making efforts to ascertain foundries’ stocks of pig- 
iron and also their potential requirements; this 
procedure will in future be carried out on a periodi- 
cal basis. At present most consumers appear to 
be getting adequate supplies and current deliveries 
to consumers are substantial. Once the extent of 
consumers’ stocks and their requirements are known, 
furnaces will be better able to anvortion their de- 
liveries. Hematite is in good demand. but supplies 
are generally sufficient. It is hoped that there will 
soon be a better suvply of low-phosphorus iron 
available, as this material is required more exten- 
sively than ever. The price of low-phosphorus iron 
is still not controlled, but negotiations with this 
object in view are understood to be still in pro- 
ress, 

SCOTLAND—During the past few weeks there has 
been an exceptionally heavy demand for foundry iron 
and consequently producers have met with difficulty 
in despatching consumers’ requirements as they have 
been ordered. The position has been aggravated by 
users specifying for heavier tonnages than they 
actually needed for current working and, on the 
whole, supplies should be sufficient to meet day-to- 
day requirements without undue delays. Basic and 
hematite irons are being taken up in heavy tonnages 
by local steelworks, which are very active: supplies 
are available in sufficient volume to prevent any 
restriction in the manufacture of steel. 


Coke 


There is a rise-and-fall clause attached to all new 
contracts in the foundry-coke market, makers thus 
ensuring that they will not be out of pocket should 
if™be decided to advance current quotations before 


the end of the year, which is the time fixed for the 
next review of the price position. Most collieries 
have sold freely over this period and consumers 
generally are well covered for supplies. Foundries 
and other consumers have taken the usual precaution 
of building up a reserve stock in view of the cus- 
tomary delays in transport during the winter months. 


Steel 


Rather less attention is being paid to the future 
trend of steel prices in view of the fact that the 
industry is under strict Governmental control. It is, 
however, generally anticipated that the new quota- 
tions which will control deliveries made after Octo- 
ber 31 will be on a higher level than current figures. 
As we have pointed out in recent reports there are 
several factors which will influence a decision in 
favour of advancing prices. Steelmakers, of course, 
are devoting their energies to the expansion of their 
outputs, which is very necessary at the present time. 
The returns of the industry for a considerable time 
past have been very gratifying and all sections of the 
trade have co-operated in the additional effort 
required since the outbreak of hostilities. Consumers 
are not waiting for the publication of the new prices 
before entering into new contracts and current trans- 
actions are being made with the stipulation that the 
price paid will be that in force at the time of 
delivery. The galvanisers have less work in hand 
now that the production of air-raid shelters under 
the Government’s scheme for the protection of the 
civilian population from attack has declined, but 
other consumers of steel continue to operate at high 
levels and the call for deliveries is insatiable. 


Scrap 


Steel scrap, of course, continues te be the most 
active section of the iron and steel scrap trade, but 
increased employment at the foundries is now 
apparent and the demand for iron scrap is much 
stronger than it was a few weeks ago. Merchants 
are endeavouring to meet all demands for scrap and 
all sources of supply are being combed in order that 
essential requirements shall be met without delay. 


Metals 


It is believed that virtual agreement has been 
reached on a scheme for closing open contracts in 
copper, lead and spelter between the Ministry of 
Supply and the London Metal Exchange. Dealings 
in these metals, however, remain suspended as yet. 
Metal dealers recently submitted to the Govern- 
ment terms which they hoped would be found 
acceptable, and it is thought that the Ministry of 
Supply has found them to be a reasonable basis 
for bringing to a close a nosition which has not 
been popular on the Exchange. 
Copper—The demand for this metal continues to 

very substantial, and, fortunately, supplies 
appear to be more freely available than they were 
in the early days of the war. There is every hope 
that free trading, with suitable price safeguards, 
will shortly be introduced. In the United States, 
the market remains firm and producers are very 
busy. The domestic quotation for electro is still 
at 12.50 cents ver lb., delivered, and producers, 
for several reasons, are not keen to increase the 
price any further at present. 

Tin—Since our last revort the International Tin 
Committee has raised the quota for the third 
quarter by 20 per cent. to 120 per cent. of stan- 
dard tonnages. The fourth-quarter quota, which 
had been fixed at 60 per cent., has been increased 
by 10 per cent. The Committee’s decision for the 
third quarter is retrospective. It is hoped that by 
this move the Committee will have dispelled any 
fears of a shortage of tin over a long period. Of 
late there has been a considerable buying movement 
and many consumers have been in the market for 
supplies in excess of their normal requirements in 
order to build up reserve stocks. This has resulted 
in a temporary shortage and spot metal is still very 
difficult to procure. The Committee has arranged 
with the buffer pool executive fer a small quota of 
tin to be made available daily for the market. 

Considerable interest has been aroused in market 
circles following the conclusion of the trade agree- 
ment between this country and the Soviet Govern- 
ment, which provides for the exchange of tin aml 


be 
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rubber for Russian timber. The quantity of tin a: 
rubber involved has not been specified. The pri: 
of tin, too, is uncertain. The maximum price 
London is £230 per ton, while the current level 
neutral countries is upwards of £270. The on 
certain part of the agreement is that the value « 
tin and rubber will be equivalent to that of t! 
imported timber. This agreement may well be t! 
forerunner of further trade pacts with the Russi: 
Government and the Under-Secretary of State 1. 
Foreign Affairs has already announced in the Hou: 
of Commons that the question of adapting Ang): 
Soviet trade relations to the conditions of tli 
present war is now under consideration. ; 

Comment on the American market is contained )) 
a recent report issued by C. 8. Trench & Compan; 
Inc., of New York, who state that “ tin buye: 
appear to be recovering from the panic which was 
brought on by the outbreak of war, and prices « 
futures are down to a point where they again bea) 
some resemblance to import costs. But as most «! 
the available spot stocks were snapped up during 
the stampede, and as the arrivals during Octo) 
will be small in comparison with the very large ton 
nages which will be coming in from December on 
wards, those who require tin for delivery during tl 
next 30 days or so will undoubtedly be asked to pay 
considerable premiums. No one can foresee exactly 
what these premiums will amount to because there 
is no basis for calculating values on an article which 
is cornered except from the standpoint of buyers’ 
necessities. Three months after the outbreak of 
the last world war in 1914, the price of tin was 
back to below where it started from, and there is 
every reason at present to believe the same thing 
is going to happen this time. There are going to 
be ample supplies of tin from December onwards.” 

Spelter—The demand for spelter and high-grade 
zine in ccnnection with the armament programme 
continues to be at a high level and will no doubt 
remain so. In France, too, there is a heavy demand 
for these metals for similar purposes. 

Lead—Consumption of lead is heavy, but supplies 
generally are adequate. In addition to a strong 
home demand there has been a considerable amount 
of export trade of late. 


Effect of Molybdenum, etc., on 
Cast lron 


(Continued from page 266.) 

the high tungsten-content specimen (see 
Table IV). In the case of titanium, however, 
the increase in the amount of this constituent is 
accompanied by a slight increase in combined 
carbon in spite of a substantial increase in 
silicon content. This again is a somewhat un- 
expected result. It is also of interest in this 
connection to study the hardness values. In 
Table III the majority of the values may be 
regarded as lower than would be expected having 
regard to the composition as a whole, and in 
Table II it will certainly be regarded as un- 
expected that the highest combined carbon 
specimen should have the lowest Brinell hard- 
ness figure. It is probably true to say that 
these circumstances are due to the method in 
which the additions have been made, but a com- 
plete understanding of the reason for them needs 
further investigation work. 

Perhaps the most important change in com- 
position is that of the sulphur contents. In 
all cases there is a reduction, and in the case 
of molybdenum additions the extent of this bears 
some relation to the molybdenum content, and 
the reduction is of a substantial order. The 
investigations of Boyles (American Institute of 
Mining and Metallurgical Engineers, February, 
1938, Tech, Publication No. 809) have shown 
the importance and significance of the influe ce 
of sulphur, and in all probability the reductic2 
in sulphur contents, following upon treatm« nts 
of this nature; may be found to be of great 
importance in explaining the mechanism of sich 
treatments when a final theory is established 

This experimental work has been carried out 
in the research laboratories of Bradley & Fos :T, 
Limited, and the author wishes to place on 


record his acknowlelgment of their kind pcr 
mission to allow these results to be published. 
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